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(57) A device is provided, which is capable of deter- 
mining the maximum oxygen uptake quantity without 
the restriction of a large device or requiring troublesome 
operations to be carried out. The device displays the 
upper and lower limit values for the pulse rate corre- 
sponding to an appropriate exercise intensity, and real- 
izes in a wireless manner by means of optical 
communications the sending and receiving of informa- 
tion such as pulse wave signals to and from an informa- 
tion processing device which processes pulse wave 
information. The device is provided with a pulse wave 
detector 101 for detecting the test subject s pulse wave- 
form; an FFT processor 103 for determining the test 
subject s heartbeat rate from the pulse waveform; a 
body motion detector 104 for detecting body motion 
when the test subject is running; an FFT processor 106 
for determining the pitch from body motion during run- 
ning by the test subject; exercise intensity calculator 
108 for determining pitch, the test subject s stride, and 
the exercise intensity from body motion during running; 
and a nomogram recorder 109 for recording the rela- 
tionship indicated by an Astrand-Ryhming nomogram, 
and determining the maximum oxygen uptake quantity 
from the heart rate and exercise intensity. The obtained 
maximum oxygen uptake quantity is divided by the test 
subject s body weight, to calculate the maximum oxy- 
gen uptake quantity per unit body weight. Next, the 
maximum oxygen uptake quantity and pulse according 



to sex are determined, and the pulse rate is multiplied 
by the upper and lower limit value coefficients, to deter- 
mine the upper limit value UL and the lower limit value 
LL for the pulse rate. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

The present invention relates to an exercise work- 
out support device suitably employed to prescribe 
appropriate exercise to the user. 

In particular, the present invention is suitable for 10 
use in a maximum oxygen uptake quantity estimating 
device, which enables the user to determine his own 
maximum oxygen uptake quantity easily; an exercise 
workout support device which shows the upper and 
lower limit values for a pulse rate corresponding to an is 
appropriate exercise intensity; a portable pulse wave 
measuring device, which is provided to a portable 
device and measures pulse rate or other pulse wave 
information; or in the technique of sending information 
between a portable pulse wave measuring device and a 20 
data processing device, which processes the measure- 
ment data from the aforementioned portable pulse wave 
measuring device. 

2. Description of the Related Art 25 

In recent years, many people have been exercising 
for the improvement of their health. 

When exercising, however, it is necessary to carry 
out exercise of a suitable intensity, since exercise below 30 
a given intensity level is not efficacious, while exercise 
above a given intensity level is dangerous. However, it 
has been difficult to know whether or not the intensity of 
exercise was appropriate until now. 

This is because it is difficult to obtain data for deter- 35 
mining suitable exercise intensity, and because it is dif- 
ficult to promptly and accurately transmit the obtained 
data. The various factors involved will now be explained 
in detail. 

40 

(1) Data acquisition 

Exercise intensity may be obtained by a conven- 
tionally known method employing the maximum oxygen 
uptake quantity, for example. 45 

In general, maximum oxygen uptake quantity 
( vo 2max) r efers to the maximum amount of oxygen 
taken up by a person (or, more broadly, by a living body) 
per unit time. Specifically, body size may be taken into 
account, such that the value of V0 2max divided by the so 
individual s body weight (V0 2max ^wt) is an absolute 
index showing the endurance of that person. For this 
reason, the significance of the maximum oxygen uptake 
quantity is extremely high in sports physiology and the 
like. For example, by employing the maximum oxygen 55 
uptake quantity per unit body weight, it is possible to 
quantitatively evaluate the individual s endurance, mak- 
ing it easier to confirm the effects of training. 



There are many conventionally known methods for 
determining maximum oxygen uptake quantity. How- 
ever, ail have in common the point that a test subject is 
required to perform exercise of a given intensity, with 
physiological parameters with respect to the exercise 
then measured. 

These various methods may be broadly divided into 
two types: a direct method, in which the maximum oxy- 
gen uptake quantity is directly determined by measuring 
the test subject s expiration; and an indirect method, in 
which physiological parameters which have a high cor- 
relation to the maximum oxygen uptake quantity are 
measured and the maximum oxygen uptake quantity is 
indirectly obtained from these parameters. In the case 
of indirect methods, a variety of methods are available, 
including those that measure cardiac load or lactic acid 
values which are highly correlated to maximum oxygen 
uptake quantity, or a method which employs an Astrand- 
Ryhming nomogram. 

However, in the case of both direct and indirect 
methods, the conventional art requires the use of a 
device such as a treadmill or bicycle ergometer in order 
to apply a given exercise load on the test subject. For 
this reason, there were physical limitations with respect 
to the number and location of such devices, as well as a 
necessity to restrict the test subject to the device itself. 
Accordingly, this was problematic as it applied a psy- 
chological stress on the test subject. 

Moreover, in the case of direct methods, the device 
itself becomes very large since it directly measures the 
air gas expired by the test subject. Additionally, it is nec- 
essary to apply an exercise load up to the subject s all- 
out limit, so that the application of such methods was 
problematic in the case of individuals who are ill, not in 
good health or are middle aged or older. 

On the other hand, from among the indirect meth- 
ods, the method in which the lactic acid value is meas- 
ured requires that blood be drawn, while the method in 
which the cardiac load is measured requires that systo- 
lic blood pressure be determined. Accordingly, these 
methods are troublesome. 

(2) Data transmission 

With respect to pulse wave measuring devices 
which are attached to the arm and can display various 
information, there are available devices which optically 
detect changes in blood quantity, and measure pulse 
rate and other pulse wave information based on these 
detected results. In these types of optical pulse wave 
measuring devices, a sensor unit provided with an light 
receiving element such as a photo transistor and a light 
emitting element like an LED (light emitting diode) is 
attached to the finger, for example. Light is then irradi- 
ated from the LED, with the light reflected by the blood 
vessels in the finger received at the photo transistor. 
The change in blood quantity is thereby detected as the 
change in the quantity of light received. Pulse rate and 
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the like are then calculated based on this detected 
result, and are displayed. For this purpose, the device is 
designed so that a signal can be input or output 
between the device main body and the sensor unit by 
means of a connector on the main body of the device, 
and a connector consisting of a connector material 
which is formed to the tip of a cable which extends from 
the sensor unit 

Since the above-described pulse wave measuring 
device is attached to the arm, if a time measuring func- 
tion is also provided to the device, it then becomes pos- 
sible to measure lap or sprint times while also 
measuring the pulse wave during a marathon, for exam- 
ple. Accordingly, if this data is sequentially displayed on 
the display of the main body of the device at the end of 
the competition, reference data is obtained for deter- 
mining the pace allocation for the next race. 

However, in order to carry out a more detailed anal- 
ysis of the information obtained during a marathon, it 
becomes necessary to send information stored in the 
main body of the device to a data processing device 
which is provided separately from the device main body. 
However, in the conventional art, a communications 
cable had to be attached between the device s main 
body and the data processing device so that this infor- 
mation could be relayed. Accordingly, this represented a 
troublesome procedure for the user. 

SUMMARY OF THE INVENTION 

The present invention was conceived in considera- 
tion of the above-described circumstances, and has as 
its first objective the provision of an exercise workout 
support device which can show the upper and lower 
limit values for the pulse rate corresponding to a suita- 
ble exercise intensity. 

Further, the present invention has as its second 
objective the provision of a maximum oxygen uptake 
quantity estimating device which does not require the 
user to be restricted to the device, and which can deter- 
mine the maximum oxygen uptake quantity easily and 
without troublesome operations. 

Additionally, the present invention has as its third 
objective the provision of a portable pulse wave meas- 
uring device which enables wireless transmission and 
receipt of data such as pulse wave signals via optical 
communications with a data processing device which 
processes pulse wave information. 

In view of the above-described first objective, the 
present invention is provided with: 

an exercise intensity detecting means for detecting 
the test subject s exercise intensity; 

a beat rate detecting means for detecting the test 
subject s beat rate; 

a recording means for recording in advance the 



relationship between exercise intensity and beat 
rate, and the corresponding maximum oxygen 
uptake quantity; and 

5 a calculating means for obtaining the maximum 

oxygen uptake quantity corresponding to the 
detected beat rate and exercise intensity from the 
relationship stored in the recording means; 

10 wherein the exercise intensity measuring means, beat 
rate detecting means, recording means and calculating 
means being incorporated into a portable device carried 
by the test subject. 

As a result, it becomes possible to obtain maximum 

75 oxygen uptake quantity easily, without restricting the 
test subject to a large device or requiring troublesome 
operations to be performed. 

In order to achieve the above-described second 
objective, the upper and lower limit values for the pulse 

20 rate corresponding to an appropriate exercise intensity 
are obtained from the V0 2max determined in advance, 
and are displayed. 

As a result, the upper and lower limits for the pulse 
rate corresponding to an appropriate exercise intensity 

25 can be displayed. 

In order to achieve the above-described third objec- 
tive, a portable pulse wave measuring device which is 
incorporated in a portable device, has a pulse wave 
detecting means for detecting the pulse wave in the 

30 body, and which sends and receives information includ- 
ing the pulse wave to and from a data processing device 
provided external to the portable device, has a commu- 
nications means which uptakes the pulse wave and 
relays pulse wave data obtained from the pulse wave to 

35 an information processing device in a wireless manner 
by means of optical signals. 

Accordingly, the pulse wave information obtained 
by the portable device is relayed by means of wireless 
communication using optical signals to a data process- 

40 ing device provided externally. Thus, it is not necessary 
to go through such procedures as connecting the porta- 
ble device and the data processing device with a cable, 
but rather it is possible to relay data to the data process- 
ing device from the portable device when physically 

45 separated from the data processing device. Accord- 
ingly, this is very advantageous from the user s perspec- 
tive, as troublesome operations have been eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

FIG. 1 is a block diagram showing the functional 
structure of the maximum oxygen uptake quantity esti- 
mating device according a first embodiment of the 
present invention. 
55 FIG. 2 is a block diagram showing the electrical 
structure of the maximum oxygen uptake quantity esti- 
mating device according to this same embodiment. 

FIG. 3 is a diagram describing the Astrand-Ryh- 
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ming nomogram employed in the present invention. 

FIG, 4 is a diagram showing the relationship 
between exercise intensity and heartbeat rate. 

FIG. 5 shows the external structure of the maximum 
oxygen uptake quantity estimating device according to 5 
this same embodiment 

FIG. 6 is a flow chart showing the main operations 
in this same embodiment, 

FIG. 7 is a flow chart showing the processing for 
calculation display in this same embodiment. 10 

FIG. 8 is a flow chart showing the processing for 
notifying the user of an increase in exercise intensity in 
this same embodiment 

FIG.9 is a diagram showing the relationship 
between the pitch and the stride correction coefficient in 75 
the maximum oxygen uptake quantity estimating device 
according to the second embodiment of the present 
invention. 

FIG. 10 is a block diagram showing the electrical 
structure of the maximum oxygen uptake quantity esti- 20 
mating device according to a third embodiment of the 
present invention. 

FIG. 11 is a diagram showing the relationship 
between the altitude difference and the stride correction 
coefficient in this same embodiment 25 

FIG. 12 is a flow chart showing the main operations 
in this same embodiment. 

FIG. 13 is a block diagram showing an example of 
the structure of an exercise workouts support device 
according to a fourth embodiment of the present inven- 30 
tion. 

FIG. 14 is an explanatory diagram showing an 
example of the pulse rate table in this same embodi- 
ment. 

FIG. 15 is an explanatory diagram showing an 35 
example of a display on display 8. 

FIG. 16 is a slant view showing the outer appear- 
ance of the pitch maker employed by the exercise work- 
out support device in this same embodiment 

FIG. 17 is a block diagram showing an example of 40 
the electrical structure of the pitch maker. 

FIG. 18 is a block diagram showing an example of 
the structure of pitch signal generator 24. 

FIG. 19 is a block diagram showing an example of 
the structure of pulse/pitch detector 22. 45 

FIG. 20 is a flow chart showing the order of 
processing in pulse/pitch detector 22. 

FIG. 21 A is a diagram showing the signal obtained 
when frequency f A and frequency fB are summed. 

FIG. 21 B is a graph showing the result obtained 50 
after carrying out FFT processing on the summed sig- 
nal. 

FIG. 22A shows the result obtained after carrying 
out FFT processing of the signal output from pulse wave 
sensor 301. 55 

FIG. 22B shows the result obtained after carrying 
out FFT processing of the signal output from body 
motion sensor 302. 



FIG. 22C shows the pulse wave component 
obtained by subtracting the result shown in FIG. 22B 
from the result shown in 22A. 

FIG. 23 is the result obtained after carrying out FFT 
processing on the output of body motion sensor 302. 

FIG. 24 is a flow chart showing the processing 
method for specifying the pulse wave component after 
specifying the harmonic wave of the body motion signal. 

FIG. 25 is a flow chart showing an example of a 
method for specifying the pulse wave component using 
pulse/pitch detector 22. 

FIG. 26 is a flow chart showing an example of a 
method for specifying the pulse wave component using 
pulse/pitch detector 22. 

FIG. 27 is a timing chart for explaining the operation 
of the pitch maker. 

FIG. 28 is a cross-sectional view showing the state 
of installation when a piezo element is employed as the 
pitch notifying means. 

FIG. 29 shows the structure of the portable pulse 
wave measuring device and a data processing device 
for processing pulse wave data measured by the afore- 
mentioned device, according to the fifth embodiment of 
the present invention. 

FIG. 30 shows the method of use for a pulse wave 
measuring device attached to the arm according to the 
same embodiment. 

FIG. 31 is a planar view of the main body of this 
measuring device. 

FIG. 32 shows an arrangement in which the sensor 
unit is attached to the finger in this measuring device. 

FIG. 33 is a block diagram showing the data proc- 
essor of this measuring device. 

FIG. 34 shows the relationship between electrical 
connections in the connector of this measuring device. 

FIG. 35 shows the structure of connector piece 80 
according to this embodiment. 

FIG. 36 shows the structure of connector 70 
according to this embodiment. 

FIG. 37 shows the structure of connector cover 90 
according to this embodiment. 

FIG. 38 shows the structure of communications unit 
100 according to this embodiment 

FIG. 39 shows the arrangement for attaching com- 
munications unit 100 to connector 70 in place of con- 
nector piece 80 in this embodiment 

FIG. 40 shows the method of use for a pulse wave 
measuring device attached to the arm according to the 
sixth embodiment of the present invention. 

FIG. 41 shows the structure of communications unit 
100 according to this embodiment. 

FIG. 42 shows the structure of connector 70A 
according to this same embodiment. 

FIG. 43 shows the structure of connector cover 90A 
according to this same embodiment. 

FIG. 44 shows the method of use for the pulse wave 
measuring device attached to the arm according to the 
seventh embodiment of the present invention. 
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FIG. 45 is a block diagram showing the structure of . 
transmission device 400 according to this same embod- 
iment. 

FIG. 46 shows the case where the device is incor- 
porated into a necklace. s 

FIG. 47 shows the case where the device is incor- 
porated into a pair of eye glasses. 

FIG. 48 shows an example of a modification for the 
pitch notifying arrangement 

FIG. 49 shows the arrangement wherein the user is io 
notified of the change in V0 2ma x over an extended 
period of time. 

FIGS. 50 through 53 show examples of displays for 
display 208 in the eighth embodiment of the present 
invention. 75 

PREFERRED EMBODIMENTS OF THE PRESENT 
INVENTION 

1 . Embodiment 1 20 

The first preferred embodiment of the present 
invention will now be explained with reference to the 
accompanying figures. 

25 

1 . 1 Structure of the Embodiment 

First, a maximum oxygen uptake quantity estimat- 
ing device according to the first embodiment will be 
explained. The maximum oxygen uptake quantity esti- 30 
mating device according to this embodiment employs 
an Astrand-JPyhming nomogram (Astrand, P.O. and 
Ryhming, I.: A nomogram for calculation of aerobic 
capacity (physical fitness) from pulse rate during sub- 
maximal work J. Appl. Physiol., 218-221, 1954.) to 35 
estimate the maximum oxygen uptake quantity (V0 2ma x 
(Irter/rrrin)) from the exercise intensity (operational inten- 
sity, work) and heartbeat rate at a given point in time as 
a test subject is performing a specified exercise. This 
estimated value is then divided by the test subject s 40 
body weight, to obtain a maximum oxygen uptake quan- 
tity (VC^max^wt (unit: milliliter/kg/min)) per unit body 
weight. 

1.1.1. Astrand- Ryhming nomogram 45 

Before explaining the structure of this embodiment, 
a brief explanation of the aforementioned Astrand-Ryh- 
ming nomogram will first be made. FIG. 3 shows the 
details of a nomogram. 50 

In this nomogram, the exercise intensity and heart- 
beat rate are plotted on the right and left axes respec- 
tively. Maximum oxygen uptake quantity (V0 2max ) is 
indicated by the coordinates of the intersection of the 
middle line with a straight line drawn between the two ss 
axes. Parameters suitable for each of the two sexes are 
employed. In other words, by indicating the sex of the 
subject, the maximum oxygen uptake quantity (V0 2ma x) 
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can be estimated from a function which employs exer- 
cise intensity and heartbeat rate as arguments. 

1.1.1.1. Conditions for applying a nomogram 

The conditions under which an Astrand- Ryhming 
nomogram may be employed will now be explained. 

In general, when exercise intensity is below a spe- 
cific level, then the relationship between heartbeat rate 
and exercise intensity is such that heartbeat rate 
increases in proportion to the exercise intensity, as 
shown in Fig. 4. However, when the exercise intensity 
exceeds a given value, then the proportion of increase 
in the heartbeat rate with respect to the increase in 
exercise intensity slows, until finally saturation occurs. 
The point at which deviation from the proportional rela- 
tionship between exercise intensity and heartbeat rate 
begins to occur is typically referred to as HRtp (Heart 
Rate turn point). 

Although slightly higher than the anaerobic thresh- 
old (AT value), this HRtp is viewed to be roughly equiv- 
alent thereto. 

The Astrand-Ryhming nomogram is formed by pre- 
supposing that there is a straight line relationship 
between the test subject s exercise intensity and heart- 
beat rate. 

For this reason, in order to accurately estimate the 
maximum oxygen uptake quantity using the aforemen- 
tioned nomogram, it is necessary to establish a straight 
line relationship between the test subject s exercise 
intensity and heartbeat rate. In order to judge whether 
or not a straight line relationship exists, it is necessary 
to measure exercise intensity at at least three or more 
stages, and determine the heart beat rate at each 
stage. Further, it is necessary that the test subject exer- 
cise until the HRtp appears. 

1 .1 .2. Functional structure 

The functional structure of the maximal oxygen 
uptake quantity estimating device according to this 
embodiment will now be explained. FIG. 1 is a block dia- 
gram showing the functional structure of the device. 

In this figure, pulse wave detector 101 is a sensor 
which detects the test subject s pulse waveform. The 
pulse waveform signal from pulse wave detector 101 is 
converted to a digital signal by A/D converter 1021 , and 
is subjected to FFT processing by FFT processor 103. 
The pulse rate is then determined from the results of 
this processing. Note that it is necessary to obtain the 
heartbeat rate for this embodiment. However, since the 
heartbeat rate equals the pulse rate, it is assumed that 
the obtained pulse rate is the heartbeat rate. Accord- 
ingly, with respect to pulse wave detector 101, it is 
acceptable to substitute a design wherein the heartbeat 
is directly detected. 

Body motion detector 104 is a sensor for detecting 
body motion when the test subject is running. It may be 
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formed of an acceleration sensor, for example. The 
body motion signal from this body motion detector 1 04 
is converted to a digital signal by A/D converter 105, 
and is subjected to FFT processing by FFT processor 
106 in the same manner as the pulse waveform. The 5 
pitch during running, i.e., the number of steps per unit 
time, is obtained from the results of this processing. 

Recorder 107 records information relating to test 
subject s stride, sex and weight. 

Exercise intensity calculator 108 calculates the 10 
exercise intensity from the obtained pitch, and the test 
subject s stride and body weight. In this example, the 
exercise carried out by the test subject is assumed to be 
running, so that exercise intensity may be indicated as 
the product of the distance run per unit time and the test is 
subject s body weight. The distance run per unit time 
can be obtained by multiplying the test subject s stride 
and pitch. 

Nomogram recorder 109 records the Astrand-Ryh- 
ming nomogram relationships described above. Accord- 20 
ingly; if these nomograms are employed, then maximum 
oxygen uptake quantity (VO^ax) can be obtained from 
the heartbeat rate, exercise intensity, and the test sub- 
ject s sex. 

VOamax/wt calculator 1 1 0 calculates the maximum 25 
oxygen uptake quantity per unit weight (V0 2max /wt) by 
dividing the obtained maximum oxygen uptake quantity 
( v 02max) by the test subject s body weight 

VOamax'wt display 1112 displays the value obtained 
for maximum oxygen uptake quantity per unit weight 30 

(VC^max^) to tne test sub J e ct. 

Controller 120 controls the various operations in 
this case. 

1.1.3. Electrical structure as 

Next, the electrical structure for realizing the func- 
tional structure shown in FIG. 1 will be explained. FIG. 2 
is a block diagram showing this structure. 

In this figure, CPU 201 carries out control of various 40 
parts via bus B, as well as executing various processing 
and calculations. The FFT processors 103, 106 shown 
in FIG. 1 correspond to exercise intensity calculator 
108, V0 2max ^ wt calculator 110, and controller 120. 

ROM 202 stores basic programs used by CPU 201 , 45 
as well as the relationship expressed by the aforemen- 
tioned Astrand-Ryhming nomogram, and corresponds 
to nomogram recorder 109 shown in FIG. 1. 

With respect to the arrangement for storing the 
nomograms in ROM 202, the nomogram relationships so 
shown in FIG. 3 may be rendered into a table arid 
stored. If the significant digit for the heartbeat rate and 
exercise intensity is carried out to the third place, then a 
50 step interval from 120 to 170 (beats/min) is provided 
for pulse rate and a 120 step interval from 300 to 1500 ss 
(kpm/min) is provided for exercise intensity. Therefore, if 
these are combined, 6,000 manners result. Accordingly, 
12,000 manners result when the data for the different 



sexes is combined. In other words, the maximum oxy- 
gen uptake quantity (V0 2ma x) corresponding to the 
exercise intensity and the heartbeat rate can be 
obtained by means of the structure in which the values 
of the maximum oxygen uptake quantity (V0 2max ) cor- 
responding to each of the aforementioned combinations 
are stored in ROM 202, and the values corresponding to 
the measured heartbeat rate and exercise intensity are 
read out by CPU 201. The capacity required for the 
table is 12,000 manners, or slightly less than 12 kilo- 
bytes. 

The unit of exercise intensity shown on the right 
axis is kpm/min, so that CPU 201 converts the obtained 
exercise intensity into kilo-pound-meters, and then 
applies the nomogram. Note that 1.00 
[kpm/min]=0.1653 [W]. 

It is also acceptable to provide a design in which 
ROM 202 records the functions themselves as indicated 
by the nomogram, rather than employing a table, while 
CPU 201 carries out calculations using these functions. 

RAM 203 temporarily stores various data employed 
in control by CPU 201, such as the test subject s body 
weight, stride, and sex. RAM 203 corresponds to 
recorder 1 07 shown in FIG. 1 . 

Sensor interface 204 carries out sampling of each 
analog output signal from pulse wave detector 101 and 
body motion detector 104 at respective specified time 
periods, and then converts the analog signal to a digital 
signal and outputs it. Sensor interface 204 corresponds 
to A/D converters 1021 ,105 in FIG. 1 . 

In addition to the normal functions of a watch, clock 
circuit 205 is provided with a function for sending an 
interrupt signal to CPU 201 at specific time intervals 
determined in advance. 

Operator 206 is provided so that the test subject 
input various values and set various functional modes. It 
consists of various button switches which will be 
described later. 

Alarm 207 generates an alarm under the control of 
CPU 201, and notifies the test subject of various 
changes in state. From this respect then, the alarm is 
not specifically limited to one which relies on the aural 
sense. Rather, the alarm may take on any form recog- 
nized by the test subject s five senses, such as, for 
example, a vibration which relies on tactile perception. 

Display 208 displays various information from CPU 
201, and is composed, for example, of an LCD (liquid 
crystal display). Display 208 corresponds to the 
VOzmaxfwt display 1112 shown in FIG. 1 . 

1.1.4. External structure 

The maximum oxygen uptake estimating device 
according to the present embodiment is typically incor- 
porated in an object which can be carried around by the 
test subject. One example of this design is the arrange- 
ment shown in FIG. 5, in which the device is incorpo- 
rated in a wrist watch. 
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As shown in this figure, the maximum oxygen 
uptake quantity estimating device according to the 
present embodiment is composed of a device main 
body 500 having the structure of a wristwatch, a cable 
501 connected to device main body 500, and a pulse 5 
wave detector 101 provided to the tip of cable 501. 

A wrist band 502 is attached to device main body 
500. More specifically, one end of wrist band 502 is 
wrapped around the wrist of the user from the 1 2 o'clock 
position, with the other end fixed at the.6 o'clock position 10 
of device main body 500. 

A connector 503 is provided to the surface of device 
main body 500 at the 6 o'clock position. Connector 
piece 504, which is provided to an end of cable 501 , is 
attached to connector 503 so as to be freely detachable, is 
By releasing connector piece 504 from connector 503, 
the device may be used as a regular wristwatch or stop- 
watch. 

A display 208 is provided to the surface of device 
main body 500. In addition to displaying the current time 20 
and date, display 208 employs a dot matrix or segment 
display to display various information such as the esti- 
mated maximum oxygen uptake quantity (V0 2n)a x/wt). 
modes, etc. 

Button switch 51 1 is disposed to below display 208 25 
on the surface of device main body 500. It is employed 
for turning back the setting value by one when correct- 
ing the stride, body weight, time or date values. 

In addition, button switch 512 is disposed above 
display 208, for advancing the setting values by one 30 
when correcting stride, body weight, time or date val- 
ues. It is also employed by the test subject to start or 
stop measurement of elapsed time, for setting the sex of 
the test subject, and the like. 

Button switches 51 3-516 are provided to the outer 35 
periphery and surface of device main body 500, at the 2, 
4, 8, and 10 o clock positions. The functions of each of 
these buttons are as follows. 

Button switch 513 is provided for setting the various 
modes of the device, for example, the time display 40 
mode, the time measurement mode, the maximum oxy- 
gen uptake quantity estimating mode, the input and 
update mode, and the like. Button switch 514 is for set- 
ting which value from among the values for time (hour- 
minute-seconds), date (year-month-day), 12/24 hour 45 
clock display, body weight, stride, and sex, is being 
input/updated when the device is in the input and 
update mode. Button switch 51 5 is for switching the con- 
tents of the display on display 208. Finally, button switch 
516 is for directing illumination of a back light in display so 
208. When button switch 516 is pressed, an electrolumi- 
nescence (EL) back light on display 208 is turned on for 
3 sec, for example, after which it automatically turns off. 

Pulse wave detector 1 01 is composed of a blue light 
LED and light receiving element (neither are shown in 55 
the.figures), and is blocked from receiving light by band 
520 for fixing the sensor in place. Pulse wave detector 
101 is attached between the base and the second joint 



of the test subject s index finger. Pulse wave detector 
101 irradiates light from a blue light LED, and receives 
the light that is reflected by the hemoglobin in the capil- 
laries at a light receiving element. The output waveform 
according to this received light is output to device main 
body 500 via cable 501 as the pulse waveform. 

Note that elements not visible in the outer appear- 
ance of the device, for example, CPU 201 , body motion 
detector 104, sensor interface 204 and the like, are 
housed in device main body 500. 

1 .2. Operation of the embodiment 

The operation of the maximum oxygen uptake 
quantity estimating device according to the present 
embodiment will now be explained. As explained above, 
this device is provided with a variety of mode, one of 
which is a maximum oxygen uptake quantity estimating 
mode which estimates the maximum quantity of oxygen 
taken up. The operation of this mode will be explained 
below, while an explanation of the other modes will be 
omitted as they do not directly relate to this application. 

1.2.1 Prerequisite for estimating maximum oxygen 
uptake quantity 

When the test subject operates button switch 513 to 
place the operational mode of device main body 500 in 
the mode for estimating maximum oxygen uptake quan- 
tity, CPU 201 first executes the program shown in FIG. 
6. This main program sets the information employed as 
the prerequisite when estimating maximum oxygen 
uptake quantity (V0 2max /wt). Specifically, CPU 201 car- 
ries out the following steps SI ~S1 1 . 

First, in step S1, CPU 201 executes initial setting 
processing such as securing the necessary area in 
RAM 203, clearing the aforementioned area, and the 
like. 

Next, in step S2, CPU 201 determines whether or 
not information concerning the test subject s sex, body 
weight, and stride are set in RAM 203. When the maxi- 
mum oxygen uptake quantity is estimated for the first 
time in this embodiment, the aforementioned informa- 
tion is not set in RAM 203, so that the determination in 
step S2 is carried out. 

When the aforementioned information is set in RAM 
203, however, then CPU 201 reads out the aforemen- 
tioned set values from RAM 203 in step S3, and dis- 
plays them on display 208. Next, in step S4, a message 
prompting the test subject to select whether or not to 
update these values is displayed. 

When the test subject indicates that he does not 
want to update these values, then, in step S5, CPU 201 
resets the aforementioned information as a predeter- 
mined value in RAM 203. 

On the other hand, when the aforementioned infor- 
mation is not set in RAM 203, or when the test subject 
indicates that he does wish to update the information, 
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then, in step S6, CPU 201 determines whether on not 
the aforementioned information has been input, tf the 
information has been input, then processing returns to 
step S6. in other words, the processing order stands by 
in step S6 until the test subject s sex, body weight, and 
stride are input. Further, once this information is 
input/updated, then, in step S7, CPU 201 sets these val- 
ues in RAM 203. 

With respect to the directive for updating sex, etc., 
an approach may be considered, for example, in which 
the operational mode of device main body 500 is set to 
the input/update mode when the test subject operates 
button switch 513. Further, as a means of indicating that 
the value is not to be updated, an approach may be con- 
sidered in which the test subject does not operate but- 
ton switch 513 for a specified period of time. Methods 
for updating/inputting sex, body weight, stride and other 
information include a method in which the test subject 
sets the device in the input/update mode, uses button 
switch 514 to set the update/input target to sex, body 
weight, stride, etc., and then advances or reduces by 
one the targeted value using button switches 51 1 and 
512. 

When information related to the test subject s sex, 
body weight, and stride are set in RAM 203, then, in 
step S8, CPU 201 detects the body motion signal from 
body motion detector 104, and determines whether or 
not the test subject has actually started to run. If the test 
subject has not started to run, then processing again 
returns to step S8. In other words, the processing order 
stands by in step S8 until the test subject begins run- 
ning. 

When the test subject actually begins to run, then, 
in step S9, CPU 201 detects the pitch of running using 
a method which will be explained below. Next, in step 
S10, control is carried out with respect to alarm 207, 
which is to inform the test subject that initiation of run- 
ning has been confirmed, so that alarm 207 generates 
an alarm sound corresponding to the detected pitch for 
10 seconds, for example. As a result, an alarm sound 
synchronized to the exercise is generated when the test 
subject begins to run. 

In step S1 1 , CPU 201 authorizes execution of two 
interrupt processes (calculation display processing and 
exercise intensity increase notification processing) 
which are executed at respective f ixed intervals of time. 
In other words, when information such as the sex of the 
user is set in RAM 203, and the test subject actually 
begins to run, then CPU 201 is designed to carry out 
calculation display processing and exercise intensity 
increase notifying processing in parallel at respective 
fixed time intervals. 

1.2.2. Pitch detection 

The principle of the pitch detection operation during 
running which is executed in step S9 will now be 
explained briefly. 



When the test subject is running, then it may be 
considered that (1) an acceleration signal accompany- 
ing vertical motion, and (2) an acceleration signal 
accompanying the swinging motion of the arms are 
5 superimposed in the body motion signal at body motion 
detector 104. 

When an attempt is made to detect the components 
of the acceleration signal separately, then, because the 
vertical acceleration is expressed equally when taking a 

io step with the right foot and when taking a step with the 
left foot, one period of the acceleration signal accompa- 
nying the vertical motion is viewed to be equivalent to 
one step during running. 

On the other hand, the movement of the left arm to 

75 which device main body 500 is attached is pendulum 
motion in which the left hand is drawn back from a for- 
ward position when the left foot is placed forward, and is 
brought up from a rear position when the right foot is 
placed forward. Accordingly, the acceleration signal 

20 accompanying the arm swing is synchronized with the 
acceleration signal accompanying the vertical motion. 
Further, one period of this motion is equivalent to two 
steps during running. 

For this reason, the first order harmonic wave com- 

25 ponent of the body motion signal in which the accelera- 
tion components from the vertical movement and the 
arm swinging movement are superimposed is depend- 
ent on vertical motion, while the second order harmonic 
wave component is dependent on the arm swinging 

30 motion. 

However, it is typically the case in running that the 
acceleration accompanying the arm swinging motion is 
greater than the acceleration accompanying the vertical 
movement. Thus, the second order harmonic wave from 

35 the arm swinging motion is characteristically expressed 
in the body motion signal. Accordingly, the pitch of the 
running can, for example, be detected as a result of the 
following processing carried out by CPU 201 on the 
body motion signal from body motion detector 104. 

40 Namely, first. CPU 201 carries out FFT processing 
of the body motion signal from body motion detector 
104. Second, the harmonic wave component having the 
largest pitch is defined as the second order harmonic 
wave component, and the peak frequency thereof is 

45 detected. Third, the aforementioned peak frequency is 
determined, and multiplied by 1/2, to obtain the pitch. 

1.2.3. Calculation display processing 

so Next, the operation in calculation display process- 
ing, which is one type of interrupt processing, will be 
explained with reference to FIG. 7. In this calculation 
display processing; the maximum oxygen uptake quan- 
tity (V0 2 m ax /wt) is estimated at fixed intervals of time 

55 from the test subject s exercise intensity and heartbeat 
rate during running, and displayed on the display. 

CPU 201 detects the initiation of running by the test 
subject (step S8), and gives permission to execute inter- 
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riipt processing (step S1 1). CPU 201 then executes the 
calculation display processing shown in FIG. 7 at spe- 
cific time intervals (30 sec, for example). 

First, at step Sa1, CPU 201 reads out the pulse 
waveform from pulse wave detector 101 via sensor s 
interface 204, and determines the pulse rate, i.e., the 
beat rate (beats/min). 

Next, in step Sa2, the body motion signal from body 
motion detector 104 is processed in the same way as in 
step S9, to detect the pitch of running. io 

In step Sa3, CPU 201 multiplies the test subject s 
stride which is stored in RAM 203 with the pitch 
detected on the immediately preceding step, to calcu- 
late the distance run by the test subject per unit time. 
This distance run is then multiplied by the user s body 75 
weight which is stored in RAM 203, to obtain exercise 
intensity [WJ. This is then converted into [kpm/min]. 

Next, in step Sa4, CPU 201 stores the converted 
exercise intensity [kprn/min] and the detected beat rate 
[beat/min] as a pair in RAM 203. 20 

In step Sa5, CPU 201 determines whether or not 
there are at least 3 exercise intensity-beat rate pairs 
stored in RAM 203. If there are less then 3 pairs, then it 
is not possible to determine whether or not a straight 
line relationship exists between exercise intensity and 25 
beat rate. Thus, the result of the determination is [NO], 
and the current calculation display processing is termi- 
nated. As will be described below, the test subject 
increases the intensity of exercise in stages during run- 
ning in response to processing to notify the test subject 30 
to increase the intensity of exercise. Meanwhile, the cal- 
culation display processing is executed every 30 sec- 
onds, with the^number of exercise intensity-beat rate 
pairs stored in RAM 203 increasing. Accordingly, once 
there are three or more exercise intensity-beat rate 35 
pairs, then the result of the determination becomes 
[YES]. 

When there are three or more exercise intensity- 
beat rate pairs, then at step Sa6, CPU 201 determines 
whether or not there is a straight line relationship 40 
between these. In this case, it is acceptable to consider 
that a slight error is included in the exercise intensity 
and beat rate. If a straight line relationship is estab- 
lished, thenlhe aforementioned running is being carried 
out prior to the appearance of a Heart Rate turn point 45 
HRtp, and fulfills the conditions for applying an Astrand- 
Ryhming nomogram. Thus, CPU 201 executes the fol- 
lowing steps Sa7~Sa9, to estimate maximum oxygen 
uptake quantity (VO 2ma x' w 0- 

in other words, in step Sa7, CPU 201 reads out so 
from the table stored in ROM 202 the value correspond- 
ing to the sex of the test subject, which was recorded in 
RAM 203, of the maximum oxygen uptake quantity 
( v 02max) corresponding to the beat rate and exercise 
intensity stored in step Sa4 during the current calcula- ss 
tion display processing. In step Sa8, CPU 201 divides 
the read out maximum oxygen uptake quantity (V0 2m a X ) 
is divided by the body weight of the test subject which is 



stored in RAM 203, and, in step Sa9, displays the value 
obtained from this division operation as the maximum 
oxygen uptake quantity (V0 2ma x /wt ) P er un 't body 
weight on display. 208. 

Accordingly, once a straight line relationship 
between exercise intensity and beat rate has been 
established after the test subject has started running, 
then the maximum oxygen uptake quantity (V0 2max /wt) 
per unit body is displayed on display 208 each time the 
calculation display processing is executed. 

On the other hand, if a straight line relationship is 
not established in step Sa6, then that indicates that the 
Heart Rate turn point HRtp has appeared during the 
running^ or that the test subject has for some reason 
stopped running. Accordingly, in step Sa10. CPU 201 
notifies the test subject to this effect by displaying a 
command to stop running (or a display indicating that 
the device has been released from the maximum oxy- 
gen uptake quantity estimating mode if there is no body 
motion signal being output). This notification may be 
accomplished by means of an alarm sound from alarm 
207, or by means of both the display and the alarm 
sound. 

In this way, the calculation display processing is 
executed every 30 seconds after the test subject has 
started running. Once a straight line relationship 
between exercise intensity and beat rate during running 
has been established, maximum oxygen uptake quan- 
tity (VOamaxtort) is estimated from exercise intensity and 
heartbeat rate, and displayed on the display. On the 
other hand, if a straight line relationship has not been 
established, then the test subject is prompted to stop 
running. If there is insufficient data to determine 
whether or not a straight line relationship has been 
established, then the current exercise intensity and 
heartbeat rate are recorded, and the determination is 
put off until the next time. 

Note that time interval for executing calculation dis- 
play processing is not limited to 30 seconds. 

1.2.4. Exercise intensity increase notifying means 

Next, FIG. 8 will be used to explain the other inter- 
rupt processing, exercise intensity increase notifying 
processing. In this exercise intensity increase notifying 
processing, an order to increase the exercise intensity 
during running is directed at the test subject at fixed 
time intervals (120 sec, for example) after the test sub- 
ject has started running. 

CPU 201 detects that the test subject has started 
running (step S8). and permits execution of interrupt 
processing (step Si 1). When this occurs. CPU 201 then 
executes the exercise intensity increase notifying 
processing shown in FIG. 8 at fixed time intervals (120 
sec, for example). 

First, at step Sbl , CPU 201 detects the pitch of the 
running by processing the body motion signal of body 
motion detector 1 04 in the same manner as in steps S9 
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and Sa2 described above. 

Next, in step Sb2, CPU 201 determines the pitch at 
which there is a 1 0% increase over the pitch detected in 
the preceding step, and controls alarm 207 to generate 
a beep alarm in accordance with this pitch for 10 sec- 5 
onds, for example. As a result, the test subject is able to 
referential^ know the timing when increasing exercise 
intensity in stages during running, as well as the pitch 
when running at the next stage. 

In this way, the exercise intensity increase notifying w 
processing is executed every 1 20 seconds after the test 
subject begins running, with the test subject being notH 
fied to increase exercise intensity by 10% each time. 

With respect to exercise intensity during running, 
note that the exercise intensity is not obtained during is 
exercise intensity increase notifying processing, but 
rather is obtained by measurements and calculations in 
steps Sa2 and Sa3 in the calculation display processing 
discussed above. Thus, it is not necessary that the test 
subject increase exercise intensity by 10% only. In other 20 
words, exercise intensity increase notification is merely 
a target. Thus, the test subject may maintain exercise 
intensity at a constant level, or conversely, may reduce 
exercise intensity to some extent. Moreover, it is also 
acceptable for the test subject to vary exercise intensity 25 
according to his own preferences. 

In addition, from the perspective of a target, the 
interval for executing exercise intensity increase notify- 
ing processing is not limited to 12 seconds. 

30 

1.3. Specific operation 

Next, the specific operation in embodiment of this 
type will be explained. 

The test subject operates button switch 513 to 35 
place the device main body 500 in the mode for estimat- 
ing the maximum oxygen uptake quantity. As a result, 
CPU 201 carries out the main program shown in FIG.6. 
Information concerning the sex, body weight, and stride 
which currently set are displayed on display 208 (step 40 
S3). When the information displayed here differs from 
that of the test subject, then the test subject operates 
button switch 514 to select the target for update. Then, 
using button switches 51 1 and 512, the test subject sets 
the selected values so that they are appropriate for him. 45 
As a result, this value is set in RAM 203 as new informa- 
tion relating to the test subject (step S7). On the other 
hand, if the displayed information is that of the test sub- 
ject, then the test subject does not operate the device 
for a specific period of time, such that this fact is com- so 
municated to device main body 500. As a result, the 
preceding information is reset in RAM 203 as informa- 
tion relating to the test subject (step S5). In this way, var- 
ious information such as sex, etc., relating to the test 
subject is set in RAM 203. As a result, the next time that 55 
the device is set to the maximum oxygen uptake quan- 
tity estimating mode, the information is again read out 
and displayed, so that the test subject does not have to 



again enter information relating to himself each time the 
device is set to the maximum oxygen uptake quantity 
estimating mode. 

Once information such as sex and the like relating 
to the test subject are set in RAM 203 and the test sub- 
ject begins running, an alarm sound is generated corre- 
sponding to the pitch of running (step S10). Thus, the 
test subject may confirm that device main body 500 has 
detected the running and has initiated estimation 
processing. 

When the test subject starts running, interrupt 
processing is permitted at device main body 500 (step 
S11). Thus, calculation display processing and exercise 
intensity increase notifying processing are executed 
every 30 seconds and 1 20 seconds, respectively. 

After starting to run, the test subject carries out run- 
ning at a constant pitch for 120 seconds, until the first 
exercise intensity increase notifying processing is initi- 
ated. During this 120 seconds, calculation display 
processing is executed 4 times. However, since the 
exercise intensity is constant, there is only one exercise 
intensity-beat rate pair obtained. Accordingly, during 
this time, the processing in steps Sa6~Sa9 in the calcu- 
lation display processing are not carried out. 

Next, once 120 seconds have elapsed since the 
test subject started running, the first exercise intensity 
increase notifying processing is executed. As a result, 
an alarm sound is generated at an interval which repre- 
sents a 1 0% increase over the previous pitch. In accord^ 
ance with the alarm sound, the test subject increases 
the pitch by 10%, and tries to maintain running at this 
pitch for 120 seconds, until the second exercise inten- 
sity increase notifying processing is executed. The cal- 
culation display processing is carried out 4 times during 
this 120 seconds. However, the number of obtained 
exercise intensity-beat rate pairs when combined with 
the pair obtained in the previous processing does not 
exceed 2. Accordingly, steps Sa6~Sa9 in calculation 
display processing are not carried out during this time 
interval. 

When 120 seconds have elapsed since the first 
exercise intensity increase notifying processing was 
executed, the second exercise intensity increase notify- 
ing processing is executed. An alarm sound is gener- 
ated at an interval corresponding to a further 10% 
increase in pitch. The test subject increases the pitch by 
10%, and tries to maintain running at this pitch. 

When calculation display processing is executed 30 
seconds after this point in time, it is viewed that the 
change in the pulse rate due to the increase in pitch has 
already entered a steady state. For this reason, the 
obtained exercise intensity-beat rate pair, when combi- 
nation with the pairs obtained previously, makes three 
pairs. Accordingly, if a straight line relationship can be 
established between these pairs, then steps Sa7~Sa9 
in calculation display processing are executed, and the 
maximum oxygen uptake quantity (V0 2max /wt) per unit 
body weight of the test subject is displayed on display 
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208. As a result, the test subject is able to know his 
maximum oxygen uptake quantity per unit body weight 
(V0 2max /wt). 

Each time the calculation display processing is exe- 
cuted every 30 seconds thereafter, the test subject s 5 
maximum oxygen uptake quantity per unit body weight 
(VC^max^rt) is displayed on display 208. However, the 
displayed maximum oxygen uptake quantity 
(V^max^) should not have changed very much. 
Namely, while the maximum oxygen uptake quantity io 
(V^max^t) can be improved by training, it is essentially 
a value specific to each individual. 

Since exercise intensity increase notifying process- 
ing is executed every 120 seconds, the alarm sound is 
generated at an interval corresponding to a 10% 15 
increase in pitch. The test subject raises the pitch by 
10%, and tries to maintain running at this level. How- 
ever, as a result of increasing the pitch in stages, the 
exercise intensity and heartbeat rate at that point in time 
may deviate from a straight line relationship with the 20 
exercise intensity and heartbeat rate obtained previ- 
ously. When this happens; it signifies that a Heart Rate 
turn point HRtp has been exceeded. Accordingly, in this 
case, a command to stop running is displayed on dis- 
play 208 as a result of calculation display processing 25 
executed at that point in time (step Sa10). Thereafter, 
execution of interrupt processing is not allowed (step 
S11), and operation of the maximum oxygen uptake 
quantity estimating mode is terminated. As a result, the 
operations in this embodiment come to an end; 30 

As a result of the present embodiment, the test sub- 
ject is ableto know his own maximum oxygen uptake 
quantity simply, by carrying out running according to his 
own preference, without being restricted by a large 
device. Accordingly, it is extremely easy for the test sub- 35 
ject to have an objective evaluation of his physical 
capacity, and to confirm the effects of training. 

In the preceding embodiment, pulse wave detector 
101 is composed of a blue light LED and a light receiv- 
ing element, and is designed to detect light reflected by 40 
hemoglobin in the capillaries as the pulse waveform. 
However, the present invention is not limited thereto. For 
example, it is acceptable to use a piezoelectric mike to 
form pulse wave detector 101, for example; However, 
where employing a piezoelectric mike, the vibration 45 
accompanying the pulse wave and the vibrational com- 
ponent accompanying body motion are simultaneously 
detected. As a result, it is necessary to carry out 
processing to subtract out the body motion signal from 
body motion detector 104 from the output signal compo- so 
nent from the piezoelectric mike, so that only the vibra- 
tion component accompanying the pure pulse wave is 
obtained. 

In the above-described embodiment, FFT process- 
ing was employed to obtain the pulse wave signal, or to ss 
obtain the heartbeat rate or pitch from the body motion 
signal. However, the ^present invention is not limited 
thereto. Rather, it is also acceptable to employ MEM 



analysis, wavelet analysis or the like. Further, simple 
peak detection may also be used. 

In the preceding embodiment, the stride value was 
directly input into device main body 500. However, it is 
also acceptable to provide a design where the body 
height value is input instead. Stride is then indirectly 
obtained by multiplying the input value for body height 
by a fixed coefficient, or according to a function obtained 
by taking the input body height and body weight as 
arguments. This stride value is then set in RAM 203, 
and may be employed when obtaining exercise inten- 
sity. 

2. Embodiment 2 

An explanation will now be made of the second 
embodiment of the present invention. 

Although there are slight differences between indi- 
viduals, stride is generally viewed to become shorter 
when the pitch of running is increased. However, in the 
first embodiment, a constant value for stride was 
employed despite the fact that the pitch was increased, 
since the stride value set in RAM 203 was used without 
modification. Namely, the first embodiment does not 
take into consideration this characteristic of running. 

Accordingly, from this perspective, the first embodi- 
ment has a flaw in that the exercise intensity obtained at 
step Sa3 tends to be inaccurate. 

Thus, in the second embodiment, a table showing 
the relationship between pitch and the stride correction 
coefficient is obtained in advance and stored. When the 
pitch changes during running, then the stride correction 
coefficient corresponding to the changed pitch is read 
out, and multiplied by the stride set in RAM 203, so as 
to correct to a stride corresponding to the aforemen- 
tioned pitch. Accordingly, the flaw encountered in the 
first embodiment is removed in the second embodi- 
ment. 

Accordingly, the structure of the maximum oxygen 
uptake quantity estimating device according to the sec- 
ond embodiment does not include any essential compo- 
nents which must be added to the maximum oxygen 
uptake quantity estimating device according to the first 
embodiment which is shown in FIGS. 1 and 2. Rather, it 
is merely necessary to provide a table in RAM 203 
showing the relationship between pitch and the stride 
correction coefficient. In this table, the stride correction 
coefficient becomes slightly less than 1 in accordance 
with the increase in pitch, as shown by the solid line in 
FIG. 9. Note that the standard pitch is the pitch at which 
the stride during running becomes equal to the input 
stride (standard stride). 

The relationship between pitch and the stride cor- 
rection coefficient is viewed to vary greatly for each test 
subject. Accordingly, it is necessary to edit the relation- 
ship shown by the solid line in FIG. 9 to match the indi- 
vidual characteristics of the test subject, so that it 
becomes that indicated by the dashed line in the same 
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figure. 

The details are as follows. First, the test subject 
measures stride with respect to the standard pitch after 
increasing the pitch in stages by 10%, for example, and 
determines what proportion the measured stride is with 5 
respect to the standard stride. Second, the test subject 
uses button switches 511-514 to input this proportion 
and the proportion with respect to the standard pitch 
into device main body 500. 

When this is done, CPU 201 carries out the follow- 10 
ing operations. Namely, CPU 201 plots the input pitch 
proportion and stride proportion, and interpolates 
between these plots to obtain the characteristics such 
as shown by the dashed line in FIG. 9. This is then ren- 
dered into a table and stored in a specific area in RAM 15 
203. 

When the test subject is running, and exercise 
intensity is calculated in step Sa3, CPU 201 first deter- 
mines what proportion the pitch detected in the preced- 
ing step Sa2 is with respect to the standard pitch, and 20 
second, reads out the stride correction coefficient corre- 
sponding to this proportion from the aforementioned 
table. Third, CPU 201 multiplies the standard stride 
read out from RAM 203 by the aforementioned coeffi- 
cient, to correct the stride so as to match the pitch of the 25 
running. Fourth, CPU 201 employs the corrected stride 
in the calculation of exercise i ntensity. 

Accordingly, in the second embodiment, stride is 
corrected even when the pitch is increased during run- 
ning. Moreover, this correction matches characteristics 30 
specific to the individual test subject, allowing the maxi- 
mum oxygen uptake quantity (V0 2max /wt) to be 
obtained more accurately. 

3. Embodiment 3 35 

The third embodiment of the present invention will 
now be explained. 

When running, it is not necessary the case that the 
activity is limited to a flat path. Rather, on the typical 40 
road, there are generally some slopes. In the case 
where slopes are present during running, the stride 
becomes shorter when running up the slope, but 
becomes longer when running down the slope (in the 
case of marathon runners, however, this relationship is 45 
reversed). 

For this reason, when running on a slope, the stride 
will vary even if the pitch is constant. Thus, the exercise 
intensity changes. However, in the first embodiment 
above, the value set in RAM 203 is employed for stride, so 
Accordingly, if pitch is constant, then exercise intensity 
is calculated as a constant value even if slopes are 
present. 

Accordingly, the first embodiment has a disadvan- 
tage in that the exercise intensity obtained in step Sa3 55 
tends to be inaccurate. 

Therefore, in this third embodiment, the slope dur- 
ing running is obtained, and the stride is corrected in 



response to this slope. As a result, the disadvantage 
encountered in the first embodiment is resolved here. 

FIG. 10 is a block diagram showing the electrical 
structure of the maximum oxygen uptake quantity esti- 
mating device according to the third embodiment. The 
structure shown in this figure differs from the structure 
of the first embodiment shown in FIG. 2 in the provision 
of an altimeter 210. This altimeter 210, which is housed 
inside device main body 500, obtains the difference in 
altitude based on the difference in air pressure. 

If the processing to obtain the altitude difference is 
executed during the calculation display processing, then 
the processing interval is 30 seconds. Accordingly, the 
difference in altitude during running is obtained for this 
time interval. 

Additionally, RAM 203 in the third embodiment of 
the present invention is provided with a stride coefficient 
table having characteristics such as shown in FIG. 1 1 . 

As shown by the solid line in this table, when the 
slope is (+), i.e., where ascending a hill, the stride cor- 
rection coefficient becomes gradually less than [1] as 
the slope becomes stronger. Conversely, when the 
slope is (-), i.e., where descending a hill, the stride cor- 
rection coefficient becomes gradually greater than [1] 
as the slope becomes stronger. 

As in the second embodiment, the relationship 
between the slope and the stride correction coefficient 
will vary greatly between individual test subjects. Thus, 
it is necessary to edit the relationship shown by the solid 
line in the figure to match the characteristics of the indi- 
vidual test subject, so that the relationship becomes as 
indicated by the dashed line in the figure. 

The details of this process are as follows. First, the 
test subject runs on a path having a slope, and the pro- 
portion of the running stride with respect to the standard 
stride is determined together with the slope. It is prefer- 
able to have not one, but several slope-stride pairs. Sec- 
ond, the test subject uses button switches 511-514 to 
input the obtained slope and stride proportion into 
device main body 500. 

As a result, CPU 201 carries out the following oper- 
ations. Namely, CPU 201 plots the input slope and 
stride proportion, and interpolates between these plots 
to obtain the characteristics indicated by the dashed line 
in FIG. 11, for example. This is then rendered into a 
table and stored in a specific area in RAM 203. 

When the test subject is running, then the flow chart 
for calculation display processing, which is executed as 
an interrupt processing, becomes as shown in FIG. 12. 
As shown in this figure, the calculation display process- 
ing in this third embodiment has steps Sa101~Sa103 
added to the processing shown in FIG. 7, immediately 
proceeding step Sa2. 

Namely, when the pitch during running is detected 
in step Sa2, then, in step Sal02, CPU 201 obtains infor- 
mation regarding the altitude difference detected by 
altimeter 210. CPU 201 stores this information in RAM 
203, and, in step Sa103, determines whether or not an 
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altitude difference is present based on the obtained 
information. 

If an altitude difference is not present at this point, 
or more specifically, if an altitude difference is not 
present during the running performed between the pre- 
vious and current execution, of calculation display 
processing, then this indicates that the test subject was 
running over a flat path. Therefore, the standard stride 
set in RAM 203 is employed without modification when 
calculating exercise intensity (step Sa3) 

On the other hand, if an altitude difference is 
present, then, in step Sa103, CPU 201 first determines 
the slope from the aforementioned altitude difference 
and the distance run during the 30 seconds. Second, 
the stride correction coefficient corresponding to this 
slope is obtained by reading it out from the table. Third, 
the standard stride read out from RAM 203 is multiplied 
by the correction coefficient, to correct the stride corre- 
sponding to this slope. Accordingly, if there is an altitude 
difference present during running, then CPU 201 cor- 
rects the standard stride set in RAM 203, and employs 
this corrected stride to calculate exercise intensity (step 
Sa3). 

Accordingly, the stride is corrected in response to 
the slope during running in this third embodiment. More- 
over, this correction is matched to the individual charac- 
teristics of the test subject, so that it is possible to more 
accurately obtain the maximum oxygen uptake quantity 
(V0 2max /wt). 

Note that it is also acceptable to obtain exercise 
intensity after taking into consideration the change in 
the positional energy of the test subject accompanying 
a change in altitude, irrespective of the change in stride 
due to the slope. In other words, it is also acceptable to 
provide a design in which the positional energy, which is 
expressed as the product of the altitude difference 
obtained from altimeter 210 and the test subject s body 
weight which is set in RAM 203, is added to or sub- 
tracted from (added when ascending a hill, and sub- 
tracted when descending a hill) the obtained exercise 
intensity. 

Further, the maximum oxygen uptake quantity 
(y02maxArt) can be obtained even more accurately by 
combining both the second and third embodiments. 
Namely, rf the stride set in RAM 203 is corrected to 
match the pitch and slope, then the maximum oxygen 
uptake quantity (V0 2max /wt) can be obtained even more 
accurately. 

4. Embodiment 4 

4. 1 . Basic structure and operation 

The fourth embodiment according to the present 
invention will now be explained with reference to the fig- 
ures. 

FIG. 1 3 is a block diagram showing an example of 
the structure of the exercise workout support device 



according to the fourth embodiment of the present 
invention. 

In this figure, microcomputer 1 is composed of a 
CPU (central processing unit) and its peripheral circuits. 
5 Microcomputer 1 controls all parts of the device, and 
determines the upper limit UL and lower limit LL of the 
pulse rate. 

Input 7 is provided with a mode switch M used in 
selecting each of the modes, an up switch U and a down 

10 switch D used to change the setting values, and a set 
switch S used to decide the setting values. 

Display 8 is comprised of a liquid crystal display, 
and displays the upper limit UL and lower limit LL deter- 
mined by microcomputer 1 . 

is Pulse rate table recorder 9 is formed of ROM (read- 
only memory), and stores the pulse rate table shown 
below. 

FIG. 14 is an explanatory figure showing an exam- 
ple of the pulse rate table. 
20 As shown in this f igure, this pulse rate table stores 
the pulse rate corresponding to the V0 2max for each 

vo 2max . 

In the figure, V0 2max »s the oxygen uptake quantity 
at the point in time when a given individual is exercising 

25 at his maximum intensity. V0 2max is employed to indi- 
cate the oxygen uptake quantity, as well as the exercise 
intensity, such as, for example, exercise at a V0 2rnax of 
40 [ml/kg/min]. 

The pulse rate corresponding to each V0 2max in 

30 this figure indicates the pulse rate when an average per- 
son for whom V0 2max is the aforementioned value exer- 
cises at an intensity which corresponds to 50% of 

vo 2max . 

Note that there are two types, of pulse rate tables 
35 recorded in pulse rate table recorder 9 (i.e., for males 
and females). The table shown in FIG. 14 is for males. 

The operation of an exercise workout support 
device according to the above structure will now be 
explained. 

40 The user estimates his own V0 2max in advance 
using the methods explained in the first through third 
embodiments, or by means of a conventional indirect 
method. In this case, there is available an indirect 
method wherein V0 2max /wt is estimated from heartbeat 

45 rate and power under maximum exercise (see Hoken- 
No-Kagaku (Science of Health), Vol. 32, No. 3, 1990.). 

Next, the user turns on the power source for the 
device and presses mode switch M (see FIG. 13), 
thereby changing the display on display 8 to the state 

so shown in FIG. 15(a). 

In this state, when the user presses the up switch U 
(or the down switch D) one time, the display on display 
8 changes from 1 (male) to 2 (female), or from 2 
(female) to 1 (male). After matching the display to his or 

55 her sex in this way, the user then inputs the aforemen- 
tioned value by pressing set switch S. As an example in 
this case, 1 (male) is input. 

Once the sex of the user is input, microcomputer 1 
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reads out the pulse rate table corresponding to the input 
sex from among the two pulse rate tables {for males and 
females) stored in pulse rate table recorder 9. Since 1 
(male) was input in this case, microcomputer 1 reads 
out the pulse rate table for males (see FIG. 1 4). 5 

Next, the user presses mode switch M, causing the 
display on display 8 to change to the state shown in FIG. 
15(b). 

In this state, the display on display 8 is counted up 
when the user continues to press up switch U, or is w 
counted down when the user continues to presses 
down switch D. Once the user has matched the display 
to his own V0 2m ax. ne inputs this value by pressing set 
switch S. As an example in this case, 40 is input. 

Once V0 2 max ' s input, microcomputer 1 reads out 15 
the pulse rate corresponding to this V0 2m ax -from the 
pulse rate table read out above (see FIG. 14). Here, 
since 40 was input, microcomputer 1 reads out the 
value 125 corresponding to the aforementioned value 
40. 20 

Next, microcomputer 1 determines the value of the 
upper limit UL for pulse rate by multiplying the read out 
pulse rate by a specific upper limit value coefficient 1.2 
(i.e., 120%). In this example, since the aforementioned 
pulse rate was 125 , the value of the upper limit 25 
becomes 150. 

Similarly, microcomputer 1 determines the value of 
the lower limit LL for the pulse rate by multiplying the 
pulse rate read out above by a specific lower limit value 
coefficient 0.8 (i.e., 80%). In this example, since the 30 
aforementioned pulse rate was 125 , the value of the 
lower limit becomes 1 00. 

Finally, microcomputer 1 sends the upper limit UL 
and lower limit LL to display 8 where they are displayed. 

35 

4.2. Example application in pitch maker 

Next, an explanation will be made of an example 
application in which the device is employed in a pitch 
maker. 40 

4.2. 1 . Overall structure 

The structure of a pitch maker in which this device 
is employed will be explained with reference to the fig- 45 
ures. 

FIG. 16 is a slant view of the outer appearance of 
the aforementioned pitch maker. 

In this figure, the main body 14 of the device is 
attached to the arm of the user by means of a wrist band so 
12. 

Pulse wave sensor 301 (see FIG. 19) and body 
motion sensor 302 (see FIG. 19), which will be 
explained below, are fixed in place to the finger by 
means of finger belt 15. 55 

Next. FIG. 17 is a block diagram showing an ©cam- 
ple of the electrical composition of the aforementioned 
pitch maker. 



In this f igure, upper and lower limit setting element 
21 is the device according to the present invention 
which was already explained above under the section, 
Basic structure and operation. Upper and lower limit 
setting element 21 determines the upper limit UL and 
the lower limit LL of the pulse rate, and outputs these. 

Pulse rate/pitch detector 22 detects the pitch and 
pulse of the user during exercise, and outputs a pitch 
detection signal PS and a pulse detection signal BS 
showing these values. The structure and operation of 
pulse/pitch detector 22 will be discussed in detail under 
(2) Pulse/pitch detector which follows below 

Upper and lower limit comparing element 23 
detects whether or not the pulse indicated by pulse 
detection signal B which is supplied from the pulse/pitch 
detector 22 exceeds the lower limit LL or the upper limit 
LL A signal SS expressing this state is output to pitch 
signal generator 24. 

Pitch signal generator 24 is a circuit for forming a 
pitch control signal PCS based on the pitch detection 
signal PS supplied from pulse/pitch detector 22 and sig- 
nal SS supplied from upper and lower limit comparing 
element 23. It has the structure shown in FIG. 18, for 
example. 

In FIG. 18, the initial pitch setting element 33 is a 
circuit which detects the first time that the user s pulse 
rate exceeds the lower limit LL based on signal SS, and 
outputs a signal Sa to controller 34. 

When signal Sa is supplied, controller 34 outputs 
the user s pitch which is indicated by pitch detection sig- 
nal PS at that point in time as pitch control signal PCS. 

Controller 34 checks the following signal SS after 
signal Sa has been output. When the user s pulse rate 
is found to be below the lower limit LL, then controller 34 
adjusts pitch control signal PCS so that the pitch is 
increased at a fixed rate until the user s pulse rate is 
again above the lower limit LL. 

In addition, controller 34 checks the signal SS 
which follows the output of signal Sa. When the user s 
pulse rate is found to be above the upper limit UL, then 
controller 34 adjusts pitch control signal PCS so that the 
pitch is lowered at a fixed rate until the pulse rate is 
again below the upper limit UL 

Stop control element 35 is a circuit for comparing 
pitch control signal PCS and pitch detection signal PS. 
Stop control element 35 stops the output of pitch control 
signal PCS when these signals are equivalent for fixed 
period of time (or when they are almost the same), and 
outputs the pitch control signal PCS again when the two 
signals are different. However, when changing (raising 
or lowering) pitch, controller 34 is designed to continue 
outputting pitch control signal PCS irrespective of the 
operation of stop controller 35. 

The structure of pitch signal generator 24 and the 
details of processing where explained above. However, 
the present invention is not limited thereto, but rather, 
provided that the same processing is carried out. other 
circuit structures are possible. Additionally, it is also 
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acceptable to realize the preceding by means of soft- 
ware. 

Next, sound releaser 25 shown in FIG. 17 is formed 
of a piezoelectric buzzer and its drive circuit, for exam- 
ple, and releases a beeping sound at a pitch in accord- 5 
ance with pitch control signal PCS. When pitch control 
signal PCS is not supplied, then sound release is 
halted. 

Display 26 is comprised of a liquid crystal display. 
As shown in FIG. 16, display 26 displays the pitch indi- 10 
cated by pitch control signal PCS as a numerical value, 
and turns mark MK on and off in response to that pitch. 
Further, display 26 displays a pulse rate based on pulse 
detection signal BS supplied from pulse/pitch detector 
22. When the display mode is changed by means of the 15 
mode switch M (see FIG. 1 3) of upper and lower limit 
setting element 21 , display 26 is designed to display the 
values of an upper limit UL and a lower limit LL (not 
shown in the figures). 

4.2.2. Pulse/pitch detector 

An explanation will now be made of the structure 
and operation of pulse/pitch detector 22 with reference 
given to the figures. 

FIG. 19 is a block diagram showing an example of 
the structure of pulse/pitch detector 22. 

In this figure, pulse wave sensor 301 detects the 
pulse wave in the body, and outputs the detected pulse 
wave signal to a pulse wave signal amplifying circuit 
303. Pulse wave sensor 301 may be a piezoelectric 
mike, for example. 

Body motion sensor 302 detects body motion, and 
outputs the detected body motion signal to body motion 
signal amplifying circuit 304. Body motion sensor 302 
may be an acceleration sensor, for example. 

Pulse wave signal amplifying circuit 303 amplifies 
the detected pulse wave signal, and outputs the signal 
to A/D converting circuit 305 and pulse waveform shap- 
ing circuit 306. 

Body motion signal amplifying circuit 304 amplifies 
the detected body motion signal, and outputs the signal 
to A/D converting circuit 305 and body motion waveform 
shaping circuit 307. 

A/D converting circuit 305 converts the amplified 
pulse wave signal and body motion signal from analog 
to digital signals, and outputs this result to CPU 308. 

Pulse waveform shaping circuit 306 shapes the 
amplified pulse wave signal, and outputs it to CPU 308. 

Body motion waveform shaping circuit 307 shapes 
the amplified body motion signal, and outputs the result 
to CPU 308. 

FIG. 20 is a flow chart showing the order of 
processing in pulse/pitch detector 22. 

In step SF1 in this figure, the pulse wave is 
detected, the pulse wave signal is amplified, and the 
amplified pulse wave signal is converted from analog to 
digital. 



At step SF2, body motion is detected, this body 
motion signal is amplified and the amplified body motion 
signal is converted from an analog to a digital signal. 

At step SF3, the anaiog-to-digital converted pulse 
wave signal and body motion signal are subjected to 
FFT processing. 

At step SF4, the beat frequency component is 
extracted based on the FFT processed pulse wave sig- 
nal and body motion signal. 

At step SF5, the pulse rate is calculated based on 
the extracted beat frequency component. 

Beat frequency component as used in this, specif h 
cation is defined as the beat frequency component 
obtained after removing the frequency component cor- 
responding to the body motion signal from the result 
obtained after FFT processing of the pulse wave signal. 

4.2.2.1 . Principle of processing to extract beat fre- 
quency component 

The beat frequency component was extracted in 
step SF4 above. The principle behind this operation will 
now be explained. 

FIG. 21 A shows the signal obtained after adding 
frequencies f A and f B (where, however, the amplitude of 
frequency fB is 1/2 that of frequency fA). FIG. 21 B is a 
graph showing the result obtained after FFT processing 
of the added signal. 

The lowest frequency obtained as a result of FFT 
processing is determined according to the inverse of the 
duration of analysis. For example, if the duration of anal- 
ysis was 16 sec, then the line spectrum is 1/16 sec. In 
other words, a resolution of 62.5 msec is obtained. 
Accordingly, the signal which is subject to analysis is 
resolved to a harmonic wave component which is an 
integer multiple of 16 Hz. The size (power) of the 
respective harmonic components is expressed along 
the vertical axis. FIG. 21 B shows that frequency fB has 
half the power of frequency f A. 

FIGs. 22A is a graph showing an example of the 
results obtained after carrying out FFT processing of 
the signal output from pulse wave sensor 301 and body 
motion sensor 302 during exercise. FIG. 22A shows the 
result (pulse wave spectrum f mg ) obtained after carrying 
out FFT processing to the signal output from pulse wave 
sensor 301 ; 22B shows the result (body motion spec- 
trum f sg ) obtained after carrying out FFT processing to 
the signal output from body motion sensor 302; and 22C 
shows the beat spectrum f M obtained after subtracting 
the body motion spectrum f sg from the pulse wave spec- 
trum f mg . 

As shown in those figures, the beat frequency com- 
ponent and the frequency component from the signal 
generated by body motion are both present in FIG. 22A. 

In contrast since body motion sensor 302 corre- 
sponds to body motion only, only the frequency compo- 
nent from the signal generated by body motion is 
obtained in FIG. 22B. 
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Accordingly, the body motion spectrum f sg is sub- 
tracted from the pulse wave spectrum f mg , and the larg- 
est spectrum from among the remaining line spectrum 
fivi is specified as the beat frequency component. 

The pulse rate is calculated based on this beat fre- 
quency component in step SF5 shown in FIG. 20. 

However, it may be difficult to actually carry out fre- 
quency analysis of the waveforms output from these 
sensors by means of the method of simply taking the 
difference, due to the influence of the harmonic wave 
signals. Accordingly, a more detained explanation will 
now be made of the method for specifying the pulse 
wave. 

First we will consider the frequency range for anal- 
ysis. Ordinarily, the frequency of body motion is 1-2 Hz. 
Accordingly, if f max =4 Hz, then a check up through the 
third harmonic wave is sufficient 

In this embodiment, the maximum body motion 
component in the 2 to 4 Hz frequency region is 
extracted, and . the maximum component therein is. 
assumed to be the second harmonic wave of the body 
motion component The reason for this assumption will 
now be explained. 

FIG. 23 shows the results obtained after carrying 
out FFT processing on the output from body motion 
sensor 302. In general, when exercising* and particu- 
larly, when running, the power of the second harmonic 
wave becomes higher as compared to the fundamental 
wave (an increase of 3 to 10-fold, in the case of normal 
running, for example), as shown in FIG. 23. The follow- 
ing three points may be considered when analyzing the 
factors detected by body motion sensor 302 when the 
user is running. Namely, 

1 . upward and downward motion during running 

2. the fundamental wave of arm swinging 

3. the second harmonic wave of arm swinging 

With respect to (1), the upward and downward 
motion appears uniformly when taking a step with the 
right foot and when taking a step with the left foot, so 
that this motion becomes the second harmonic wave of 
the body motion component. 

With respect to (2), a pendulum motion is indicated, 
in which the swinging forward and drawing back motion 
of the aims constitutes one period. Typically, however, it 
is difficult to render the swinging of the arms during run- 
ning into a smooth pendulum motion, while the power of 
this component is weak. 

With respect to (3), because acceleration is applied 
at the instant the arms swing forward and the instant 
they are drawn back, the second harmonic wave 
appears more strongly than the fundamental wave. 

Accordingly, within the frequency of body motion, 
the second harmonic wave component is characteristi- 
cally obtained. 



In the case of ordinary running, given a range of 2 
to 4Hz, it is possible to cover the region in which the 
second harmonic wave appears, regardless of whether 
the pace of running is slow or fast. Accordingly, by 
5 extracting the characteristic second harmonic wave 
component after limiting the region in this way. it is pos- 
sible to increase the accuracy of detection. 

4.2.2.2. Details of processing to extract beat frequency 
io component 

FIG. 24 is a flow chart for the processing method for 
specifying the pulse wave component after specifying 
the harmonic wave of the body motion signal. 
is In step SD1, CPU 308 determines the line spec- 
trum f s at which power P is maximal, based on the 
results of frequency analysis of the body motion signal. 

In steps SD2, CPU 308 decides whether or not a 
body motion component P(f s /2) above a given fixed 
20 value Th is present at a frequency position which is one- 
half that of frequency f s . 

When the result of this determination is YES , i.e., 
when a body motion component P(V2) above a given 
fixed value Th is present, then processing proceeds to 
25 stepSD3. 

In step SD3, frequency f s is specified as the second 
harmonic wave (HMC=2). 

When the result of the determination in step SD2 is 
NO , i.e., when a body motion component P(f s /2) above 
30 a given fixed value Th is not present, then processing 
proceeds to step SD4. 

In step SD4, CPU 308 decides whether or not a 
body motion component P(V3) above a given fixed 
value Th is present at a frequency which is 1/3 that of 
35 frequency f s . 

When the result of this determination is YES , i.e., 
when a body motion component P(fs/3) above a given 
fixed value Th is present, then processing proceeds to 
step SD5. 

40 in step SD5, CPU 308 specifies f s as the third har- 
monic wave (HMC=3) of body motion. 

When the result of the determination in step SD4 is 
NO , i.e.. when a body motion component P(f s /3) above 
a given fixed value Th is not present, then CPU 308 

45 specifies frequency f s as frequency f s1 of the fundamen- 
tal wave. 

As a result of the preceding processing, it is possi- 
ble to specify which of the harmonic waves is frequency 
f s , so that in step SD7, the fundamental wave f s1 of body 

so motion is obtained. 

In steps SD8-SD1 1 , using the results of frequency 
analysis of the pulse wave, a comparison is made 
between the frequency fm and the body motion fre- 
quency for the line spectrums in sequential order start- 

55 ing with the line spectrum having the largest power P. In 
this way, a check is made as to whether or not that fre- 
quency coincides with the fundamental wave (f s1 ), sec- 
ond harmonic wave (2xf s1 ), or third harmonic wave 
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(3xf sl ) of the body motion signal 

As a result of this processing, in step SD12, the 
maximum pulse wave frequency component t m which 
does not coincide with a body motion component can be 
extracted. 

This concludes the explanation of the structure and 
operation of pulse/pitch detector 22. 

4.2.3. Operation 

The operation of the pitch maker will now be 
explained, with reference given to the figures. 

First, upper and lower limit setting element 21 (i.e.. 
the exercise workout support device according to the 
present invention) shown in FIG. 17 determines the 
upper limit UL and lower limit LL for pulse rate by means 
of the processing described above under the section 
titled Basic structure and operation. 

Next, the finger belt 15 shown in FIG. 16 is attached 
to the finger, and running is initiated from time t-, shown 
in FIG. 27, for example. 

As a result, pulse/pitch detector 22 shown in FIG. 
17 detects the user s pulse and pitch by means of the 
processing described in (2) pulse/pitch detector above, 
and outputs the pulse detection signal BS and the pitch 
detection signal PS expressing these values. 

Upper and lower limit comparing element 23 com- 
pares pulse detection signal BS and upper limit UL and 
lower limit LL, and outputs signal SS corresponding to 
the result of this comparison. 

In this case, when the user first begins running, his 
pulse does not reach the lower limit LL, as shown in 
FIG. 27. For this reason, initial pitch setting element 33 
(see FIG. 18), does not output a signal Sa, and control- 
ler 34 does not carry out setting of the initial pitch. 
Accordingly, pitch control signal PCS is not generated, 
and sound releaser 25 does not generate a pitch sound. 

Next, the user finishes warming up and the pitch 
gradually increases. Exercise intensity increases in 
accordance with the rising pitch, so that pulse rate rises. 

At time t 2 shown in FIG. 27, the pulse rate indicated 
by pulse detection signal BS exceeds lower limit LL. 
Signal SS output by upper and lower limit comparing 
element 23 indicates [lower limit exceeded], and the ini- 
tial pitch setting element 33 (see FIG. 18) outputs a sig- 
nal Sa. 

When signal Sa is output, controller 34 uptakes the 
user s pitch indicated by pitch detection signal PS, and 
sets this as that the initial pitch. Pitch control signal PCS 
is output in response to this pitch. 

As a result, sound releaser 25 generates a pitch 
sound at a pitch corresponding to the pitch control sig- 
nal PCS (the user s pitch at the current point in time, or 
160 steps/min for the example shown in FIG. 27). In 
other words, when the user s pulse exceeds the lower 
limit LL, then the pitch sound is generated for the first 
time. Moreover, the interval during which sound is 
released is equivalent to the pitch of the user at that 



point in time. 

Further, when the user s pitch and the pitch gener- 
ated by sound releaser 25 are equivalent, and the dura- 
tion of that equivalence exceeds a specific period of 

5 time, then stop controller 35 (see FIG. 18) outputs a 
control signal with respect to controller 34. As a result, 
pitch control signal PCS is terminated, and the pitch 
sound from sound releaser 25 ends. Accordingly, the 
release of the pitch sound at sound releaser 25 is car- 

io ried out only from time t 2 to time T 1 shown in FIG. 27. 

The reason for cutting off the pitch sound after the 
elapse of time T-, is as follows. Namely, the pitch of a 
user who has entered a steady state in running is typi- 
cally stable, so that, in the absence of any particular 

is reason why this would not occur, running is carried out 
at an almost constant pitch even if a pitch sound or other 
directive is not provided. Accordingly, the unnecessary 
pitch directive is not carried out, thereby reducing 
energy consumption. 

20 Next, the pulse of the user running at the initial pitch 
rises as shown in FIG. 27. When the pulse exceeds the 
upper limit UL at time t 3 , the output signal SS from 
upper and lower limit comparing element 23 indicates 
[upper limit exceeded]. Controller 34 (see FIG. 18) 

25 adjusts pitch control signal PCS so that the pitch is low- 
ered at a fixed rate until the user s pulse falls below the 
upper limit UL. 

Controller 34 again outputs a pitch control signal 
PCS when the pitch is changing, and outputs a pitch 

30 sound from sound releaser 25. This is required to make 
the user aware of the pitch change. 

At time t*. the user s pulse falls below upper limit 
UL, and controller 34 harts adjustment with respect to 
pitch control signal PCS. Accordingly, the setting pitch 

35 of controller 34 is fixed at the pitch immediately preced- 
ing time t4 (145 steps/min). When the changed pitch 
and the user s pitch coincide for a fixed period of time, 
this is detected by stop controller 35, and pitch control 
signal PCS is again stopped. 

40 Next, when the user s pitch changes at time t 5 due 

to some reason such as a change in physical condition, 
for example, then this is detected by stop controller 35. 
As a result, stop controller 35 outputs a pitch control sig- 
nal PCS to controller 34. As a result, sound releaser 25 

45 again releases a pitch sound, with the user varying the 
pitch of his running in accordance with the pitch sound. 
When the user s pitch and the setting pitch of controller 
34 coincide for a fixed period of time, then the genera- 
tion of pitch control signal PCS is stopped by stop con- 

so troller 35. The user s pulse gradually falls, so that at time 
te, for example, it falls below lower limit LL. Since the 
output signal SS from upper and lower limit comparing 
element 23 indicates that the pitch has fallen below the 
lower limit, controller 34 adjusts.the pitch control signal 

55 PCS so that the pitch increases at a fixed rate until the 
user s pulse exceeds the lower limit LL. 

Controller 34 again outputs a pitch control signal 
PCS when the pitch changes, and causes a pitch sound 
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to be output from sound releaser 25. In this case, there 
is a slight time difference from time ts when pulse fell 
below the lower limit LL and time t 7 when adjustment of 
pitch control signal PCS was initiated. This is because 
controller 34 monitors signal SS at specific periods. In 5 
the case of this example, the timing t 7 at which monitor- 
ing is carried out is slightly slower than the timing of time 
t 6 . However, this does not present a problem since a 
sufficiently early period is set for the pitch directive to 
the user. w 

The pitch sound generated at time t 7 is halted after 
the elapse of time T 4 . This is accomplished under the 
control of stop controller 35 in the same manner as 
described above. 

This concludes the explanation of the operation of is 
the pitch maker. 

5. Embodiment 5 

5.1 . Structure of the embodiment 2 o 
5.1.1. Overall structure 

The fifth embodiment of the present invention will 
now be explained with reference to the figures. 25 

FIG. 29 shows the portable pulse wave measuring 
device and the data processing device for processing 
the information measured by this portable pulse wave 
measuring device, according to the present embodi- 
ment. Hereinafter, these will collectively be referred to 30 
as pulse wave information processing device. FIG. 30 is 
an explanatory figure showing the method of application 
for portable pulse wave measuring device. As may be 
understood from these figures, the portable device in . 
this embodiment takes the form of a pulse wave meas- 35 
uring device which attaches to the arm which employs a 
wristwatch. As shown in FIG. 29, pulse wave informa- 
tion processing device 1 is formed of pulse wave meas- 
uring device 1A which attaches to the arm, and data 
processing device 1 B which sends data between itself 40 
and pulse wave measuring device 1 A which attaches to 
the arm. 

As will be explained later, a connector 70 is pro- 
vided to pulse wave measuring device 1A which 
attaches to the arm. Communications unit 100 for com- 45 
municating with data processing device 1 B is attached 
to connector 70. This communications unit 100 is 
employed to send data which uses an optical signal 
between pulse wave measuring device 1A which 
attaches to the arm and data processing device 1B. so 
Communications unit 100 is designed to be freely 
releasable from pulse wave measuring device 1 A which 
attaches to the arm. As will be explained below, connec- 
tor piece 80 maybe attached to connector 70 in place of 
communications unit 100, with a sensor unit 30 for ss 
measuring the pulse wave provided to the end of con- 
nector piece 80 via a cable 20. 

Data processing device 1 B is formed of a device 



main body 2, display 3, key board 4, printer 5, and the 
like. With the exception of the following points, it is 
formed in the same manner as an ordinary personal 
computer. Accordingly, a detailed description thereof is 
omitted. Namely, data processing device 1B internally 
houses a transmission controller and a receiving con- 
troller, which are not shown in the figures, for sending 
and receiving data by means of optical signals. The 
transmission controller is provided with LED 61 for 
sending optical signals, and the receiving controller is 
provided with a photo transistor 62 for receiving optical 
signals. LED 61 and photo transistor 62 employ near 
infrared (having a central wavelength of 940 nm, for 
example), and carry out optical communications via a 
visible light cutting filter 63 for blocking visible light, and 
through a communications window 6 used for optical 
communications which is provided to the front surface of 
data processing device 1 B. 

Next, in FIG. 30, the pulse wave measuring device 
1 A which attaches to the arm is roughly composed of a 
device main body 10 having a wristwatch structure, a 
cable 20 attached to device main body 10, and a sensor 
unit 30 provided to the end of cable 20. A wrist band 12 
is provided to device main body 10 and is wrapped 
around the arm from the 1 2 o clock position, and fixed in 
place at the 6 o'clock position. This device main body 1 0 
is designed to be freely detachable from the arm of the 
user by means of wrist band 12. Sensor unit 30 is pro- 
vided with a band 40, which has a width of about 10 
mm, for fixing the sensor in place. This band 40 for fixing 
the sensor in place is attached between the base and 
the joint of the index finger. 

Note that when expressing direction according to 
time positions on a watch face, this refers to direction on 
the device main body, and does not mean that the dis- 
play on the surface of the device main body takes the 
form of watch hands. 

5.1 .2. Structure of the main body of the device 

The other components in FIG. 30 will now be 
explained with reference to FIG. 31, which is a planar 
view of the main body of pulse wave measuring device 
1 A which attaches to the arm. 

In FIG. 30, device main body 10 is provided with a 
resin watch case 1 1 . A liquid crystal display device 13 is 
formed to the surface of watch case 1 1 for displaying the 
current time and date, as well as pulse rate and other 
pulse wave information in digital form. 

A data processor 50 which carries out signal 
processing on the detected result is housed in watch 
case 11, for displaying change in the pulse rate based 
on the result of detection by sensor unit 30 (i.e., pulse 
wave signal). A watch component is also formed in data 
processor 50, so that it is possible to display regular 
time, lap time sprint time and the like on liquid crystal 
display 13. 

Button switches 111-115 are formed abut the outer 
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periphery of watch case 1 1 for changing the various 
modes such as the time setting mode, display mode, 
pulse wave measuring mode, stop watch mode, data 
transmission mode and the like, while button switches 
116-117 (not shown in FIG. 30) are formed to the sur- 5 
face of watch case 1 1 . 

A flat button-shaped battery 590 is housed in watch 
case 1 1 , as shown by the dashed line in FIG. 31 , and is 
the power source for pulse wave measuring device 1A 
which attaches to the arm. Cable 20 supplies electric 
power from battery 590 to sensor unit 30, and inputs the 
results of detection by sensor unit 30 to data processor 
50 inside watch case 1 1 . Watch case 1 1 is longer in the 
horizontal direction. This feature is utilized to dispose 
battery 590 and flat piezoelectric element 580 for the 
buzzer next to one another in the planar direction inside 
watch case 1 1 . As a result, it is possible to make device 
main body 10 thinner. 

5. 1 .3. Structure of the sensor unit 

As shown in FIG. 30, sensor unit 30 is composed of 
a band 40 for fixing the sensor in place and an optical 
unit 300. Band 40 for fixing the sensor in place is formed 
from a thick resin molded article which is flexible. Band 
40 for fixing the sensor in place, which wraps around to 
form a circle, is pulled apart and wrapped around the 
base of the finger. When released, band 40 for fixing the 
sensor in place then wraps closely around the base of 
the finger under their intrinsic restorative force. Band 40 
for fixing the sensor in place is thicker around the middle 
region thereof, where a hole 41 is formed for housing 
optical unit 300. 

Next, in FIG. 32, a rear cover 3021 covers the sen- 
sor frame 301 1 of optical unit 300 as a case therefor, so 
that the internal area forms a component housing 
space. A light transparent window is formed in the upper 
portion of sensor frame 301 1 by means of a glass plate 
3041 (filter). A circuit board 3051 is fixed to the inner 
part of sensor frame 301 1 so as to oppose glass plate 
3041. Electrical components such as LED 31 used for 
pulse wave measurement, photo transistor 32 used for 
pulse wave measurement, transistors (not shown), and 
the like are mounted in circuit board 3051, The light 
emitting surfaces of LED 31 used for pulse wave meas- 
urement and the light receiving surface of photo transis- 
tor 32 used for pulse wave measurement are oriented in 
the direction of glass plate 3041 . 

Regarding optical sensor 300, when band 40 for fix- 
ing the sensor in place is attached to the base of the fin- 
ger so that glass plate 3041 is attached on the inside 
with respect to band 40 for fixing the sensor in place, 
then the light emitting surface of LED 31 used for pulse 
wave measurement and the light receiving surface of 
photo transistor 32 used for pulse wave measurement 
are each directed toward the surface of the finger. 
Accordingly, when the finger is irradiated with light from 
LED 31 used for pulse wave measurement, then photo 



transistor 32 used for pulse wave measurement 
receives the light reflected by the blood vessels in the 
finger. The received light result (i.e., pulse wave signal) 
is input to device main body 10 from optical unit 300 via 
a cable 20. 

Sensor unit 30 employs an LED 31 used for pulse 
wave measurement which has an emitted light wave- 
length region of 350-600 nm, and a photo transistor 32 
used for pulse wave measurement which has a received 
light wavelength region of 300-600 nm. Physiological 
information is displayed based on the result of detection 
in the region of overlap therebetween, i.e., approxi- 
mately 300-600 nm. In the case of outside light, it is dif- 
ficult for light in the wavelength region below 700 nm to 
pass through the finger. Thus, even if outside light irra- 
diates a portion of the finger not covered with band 40 
for fixing the sensor in place, it employs the finger as a 
light guide as shown by dashed line X in the figure, but 
does not reach photo transistor 32 used for pulse wave 
measurement. Rather, only light in wavelength regions 
which will not impact detection travel using the finger as 
a light guide. Light in the low wavelength region of 300 
nm or less is almost entirely absorbed by the skin sur- 
face. Thus, even if the wavelength region of the received 
light is set to 700 nm or less, the actual wavelength 
region of the received light is 300 to 700 nm. Accord- 
ingly, it is possible to restrict the impact of outside light, 
without significantly covering the finger, but rather, by 
means of just covering a minimal area. Further, pro- 
vided that a small sensor unit 30 is employed as in this 
embodiment, the device according to the present inven- 
tion presents no impediment to running since the device 
can be grasped in the hand when attached to the base 
of the finger. 

A portion of the light emitted from LED 31 used for 
pulse wave measurement reaches the blood vessels via 
the finger as shown by arrow C in the figure. Light 
reflected by the hemoglobin in the blood reaches photo 
transistor 32 used for pulse wave measurement as 
shown by arrow D. The light quantity received along this 
path is the quantity of light reflected by the body. Fur- 
ther, a portion of the light emitted from LED 31 used for 
pulse wave measurement is reflected by the surface of 
the finger as shown by arrow E, and reaches photo tran- 
sistor 32. The quantity of light received along this path is 
the quantity of light reflected by the skin. A portion of the 
light emitted by LED 31 used for pulse wave measure- 
ment and a portion of the light reflected by the blood 
vessels is absorbed or scattered inside the finger as 
indicated by arrows F and G, and thus does not reach 
photo transistor 32 used for pulse wave measurement. 

5.1 .4. Structure of the data processor 

The pulse rate is obtained in device main body 10 
from the pulse wave signal described above. FIG. 33 is 
a block diagram of part of the functions of data proces- 
sor 50 formed inside watch case 1 1 . In this figure, pulse 
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wave signal converter 51 converts the signal input from 
sensor unit 30 via cable 20 to a digital signal, and output 
this digital signal to pulse wave signal recorder 52. 
Pulse wave signal recorder 52 is a RAM (random 
access memory) for storing digitized pulse wave data. 
Pulse wave signal calculator 53 reads out the pulse 
wave data stored in pulse wave signal recorder 52, and 
inputs the result obtained after frequency analysis to 
pulse wave component extractor 54. This pulse wave 
component extractor 54 extracts the pulse wave compo- 
nent from the signal output from pulse wave signal cal- 
culator 53, and outputs this to pulse rate calculator 55. 
Pulse rate calculator 55 calculates the pulse rate from 
the frequency component of the input pulse wave, and 
outputs this result to liquid crystal display device 13. 

A data recorder 56 is formed to data processor 50 
for storing pulse wave information obtained by pulse 
rate calculator 55, time data corresponding to this pulse 
wave information, the sprint or lap time during a mara- 
thon which is measured using the watch function of 20 
pulse wave measuring device 1 A which attaches to the 
arm. 

Communications unit 100 may be attached to con- 
nector 70 in place of connector piece 80, with the follow- 
ing components functioning in the case where pulse 25 
wave measuring device 1 A which attaches to the arm is 
set in the data transmission mode. Namely, data output 
controller 57 outputs pulse wave information and time 
data stored in data recorder 56 to data processor 1 B via 
communications unit 100 as an optical signal. Data 30 
input controller 58 receives the optical signal sent from 
data processor 1B via communications unit 100, and 
stores it in data recorder 56. 

5.1 .5. Structure of the connector 3S 

So that pulse wave measuring device 1A which 
attaches to the arm can be used as an ordinary wrist- 
watch during normal activities, connector piece 80 and 
communications unit 100 shown in FIG. 29 are 40 
designed to be releasable at the surface of the edge 
positioned at the 6 o clock position of the device main 
body. By positioning connector 70 at the 6 o clock posi- 
tion, the connector is disposed on the side of the watch 
which is nearer the user's body when device main body 45 
10 is attached to the arm. Thus, it is easily manipulated 
by the user. Further, since connector 70 does not 
extend outward from the 3 o'clock side of device main 
body 1 0 of the wrist watch, the user can freely move his 
wrist during exercise. Even if the user falls during exer- so 
cise, the back of the hand does not hit connector 70. 

FIG. 34 shows the electrical connection between 
connector 70 and connector piece 80 or communica- 
tions unit 100. This figure shows the combination of a 
sensor circuit electrode on the connector piece 80 side, 55 
and a terminal on the connector 70 side for carrying out 
the input and output of signals with this sensor circuit. 
This figure shows the case where connector 70 and 



connector piece 80 are connected, however, this is 
entirely equivalent to the case where communications 
unit 100 is connected in place of connector piece 80. 
In FIG. 34, terminals 751-756 are formed to con- 
5 nector 70. Electrodes 831 -836 are formed to connector 
piece 80 corresponding to these terminals. Terminal 
752 is a positive terminal for supplying drive voltage 
VDD to LED 31 used for pulse wave measurement via 
electrode 832, and terminal 753 is a negative terminal 
for LED 31 used for pulse wave measurement via elec- 
trode 833. Terminal 754 supplies a constant drive volt- 
age to the corrector terminal of photo transistor 32 for 
measuring pulse waves via electrode 834. 

Terminal 751 is the terminal to which the signal 
from the emitter terminal of photo transistor 32 used for 
pulse wave measurement is input via electrode 831. 
Terminal 755 is the terminal to which the signal for 
detecting whether or not connector piece 80 is attached 
to connector 70 is input via electrode 835. Electrode 
836 is earthed to the human body at sensor unit 30, so 
that when terminal 751 and electrode 836 are electri- 
cally connected, electrodes 831-834 are shielded as a 
result of employing VDD as a ground line. 

A condenser C1 and switch SW1 are inserted 
between the terminals (between electrodes 832, 833) of 
LED 31 used for pulse wave measurement on the con- 
nector piece 80 side. Switch SW1 , which is closed when 
connector piece 80 is removed from connector 70, con- 
nects condenser C1 in parallel with LED 31 used for 
pulse wave measurement, and is open when connector 
piece 80 is attached to connector 70. 

Similarly, a condenser C2 and switch SW2 are 
introduced between the terminals (between electrodes 
831,834) of photo transistor 32 used for pulse wave 
measurement. Switch SW2, which is closed when con- 
nector piece 80 is removed from connector 70, con- 
nects condenser C2 in parallel with photo transistor 32 
used for pulse wave measurement, and is open when 
connector piece 80 is attached to connector 70. 

5.1.6. Structure of the connector piece 

The structure of connector 70 and connector piece 
80 will now be explained. FIG. 35 is an enlarged view 
showing the structure of connector piece 80. FIG. 36 is 
an enlarged view of connector 70. 

A pair of projections 81 ,82 are formed to either side 
of the bottom surface 801 of connector piece 80 in FIG. 
35, extending in the downward direction. Four interlock- 
ing members 811, 812, 821, 822 project inward on the 
bottom end of projections 81,82. Two operational pins 
857,858 are formed to the bottom surface 801, for 
switching the circuit (explained above) which stops the 
influence of static electricity when cable 20 is connected 
to device main body 10. When connector piece 80 is 
released from connector 70, the end of these opera- 
tional pins project outward from the bottom surface 801 
of connector piece 80. 
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Six electrodes 831-836 are formed to the bottom 
surface 801 of connector piece 80. Circular convexities 
841 -846 are formed about the periphery thereof As will 
be explained below, when attaching connector piece 80 
to connector 70, connector piece 80 slides in the direc- 5 
tion of arrow Q after connector 70 has been covered by 
connector piece 80. Electrodes 831-836 are formed in 
two rows of electrodes 831-833 and electrodes 
834-836 along the direction of sliding (i.e., the direction 
indicated by arrow Q). In the case of both of these rows, 10 
each of the electrode is disposed on the diagonal, so as 
to deviate in a direction perpendicular to the direction of 
sliding of connector piece 80. 

5. 1 .7. Structure of connector 1 5 

As shown in FIG. 36, interlocking parts 71-74 are 
formed to connector 70 extending outward. Accordingly, 
connector piece 80 covers connector 70 so that projec- 
tions 81 ,82 of connector piece 80 are positioned to the 20 
outside of interlocking parts 71 -74 of connector 70, and 
interlocking members 811,821 of connector piece 80 
are positioned between interlocking parts 71 and 72 
and between interlocking parts 73 and 74. Next, con- 
nector piece 80 is pushed on to connector 70 so that 25 
interlocking members 811,821 pass between interlock- 
ing parts 71 and 72 and between interlocking parts 73 
and 74. (First operation for attaching connector piece 80 
to connector 70). Thereafter, connector piece 80 is slid 
in the direction: of arrow Q (i.e., direction of attachment 30 
of connector piece 80, from the 6 to the 1 2 o clock direc- 
tion on device main body 10). (Second operation for 
attaching connector 70 to connector piece 80). As a 
result, the bottom of interlocking parts 71,73 enter into 
interlocking members 811,821, and interlocking mem- 35 
bers 821 ,822 enter into the bottom of interlocking parts 
72,74. As a result, interlocking members 
81 1 ,821 ,812,822 come to hold interlocking parts 71 -74 
respectively with the bottom surface 801 of connector 
piece 80. In this way, connector piece 80 is attached 40 
easily and with surety to connector 70. 

Similar to electrodes 831-836, terminals 751-756 
are formed into two rows of terminals 754-756 and ter- 
minals 751-753 along the sliding direction (i.e., direc- 
tion of arrow Q) of connector piece 80. Further, as in the 45 
case of electrodes 831-836, in the case of both rows, 
each electrode is disposed on the diagonal so as to 
deviate in a direction perpendicular to the sliding direc- 
tion of connector piece 80. Accordingly, when connector 
70 is attached to connector piece 80, then the six termi- so 
nals 751 -756 are electrically connected to the six elec- 
trodes 831 -836, so that the results of measurement by 
sensor unit 30 can be input into device main body 10 via 
cable 20. Terminals 751-756 are disposed inside holes 
761-766 which are formed in connector 70. ss 

When connector piece 80 is removed from connec- 
tor 70, connector piece 80 slides in the opposite direc- 
tion as indicated by arrow R. As a result, interlocking 



members 811,821 return to a position between inter- 
locking parts 71 and 72 and between interlocking parts 
73 and 74. Accordingly, if connector piece 80 is raised 
up in this state, it can be removed with ease and cer- 
tainty from connector 70. 

In this way, an interlocking mechanism 700 is 
formed which interlocks when connector piece 80 is slid 
on connector 70 in the direction indicated by Q, and 
which is released from the interlocked state when the 
connector piece 80 is slid in the opposite direction (indi- 
cated by arrow R). Moreover, although an interlocking 
mechanism of this design is a small component, the 
interlocking effect is accomplished with surety. 

5.1.8. Structure of stopper mechanism 

As shown in FIG. 36, vertical walls 711, 721, 731, 
and 741 are formed to interlocking parts 71-74, in the 
direction indicated by arrow Q. Accordingly, when 
attaching connector piece 80 to connector 70, connec- 
tor piece slides in the direction of arrow R (second oper- 
ation), causing interlocking members 811,812,821,822 
to come in contact with vertical walls 71 1 ,721 ,731 ,741 , 
respectively, and stop connector piece 80 at the position 
"of attachment with connector 70. In other words, vertical 
walls 711,721,731,741 function as first stoppers with 
respect to connector piece 80. 

Conversely, when connector piece 80 is removed 
from connector 70 by sliding in the direction of arrow R, 
interlocking members 81 1 ,821 come in contact with the 
rear side of vertical walls 721,741 of interlocking parts 
72,74, stopping connector piece 80 and connector 70 at 
their original positions. In other words, the rear side of 
vertical walls 721,741 functions as a second stopper 
with respect to connector piece 80. 

5.1.9. Structure of switch mechanism 

In FIG. 34, the closing of switch SW1 is linked with 
the movement of operational pin 858 indicated by the 
arrow. Condenser CI is connected in parallel electri- 
cally to LED 31 used for pulse wave measurement. 
Accordingly, even if the a part having a high voltage due 
to static electricity comes in contact with electrodes 
832,833, the charge is stored in condenser C1, and 
does not damage LED 31 used for pulse wave meas- 
urement. 

in FIG. 34, when connector piece 80 is attached to 
connector 70, switch SW1 is open, so that a circuit 
structure capable of measuring the pulse wave is 
formed. Even if charge is stored in condenser C1 , this 
charge is not released via electrodes 832.833 and ter- 
minals 752,753, thus the circuits stored in connector 70 
and device main body 10 are not impaired. In this way, 
the switch mechanism, while having a simple structure, 
is linked with surety to the attachment operation for 
attaching connector piece 80 to connector 70. 
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5.1 .10. Structure of connector cover 

FIG. 37 is an explanatory figure showing the struc- 
ture of connector cover 90. Connector cover 90 is 
attached to connector 70, when connector piece 80 or s 
communications unit 1 00 is removed from connector 70 
and pulse wave measuring device 1 A which attaches to 
the arm is employed as an ordinary wrist watch. Unlike 
connector piece 80, connector cover 90 is thin since it 
does not require electrodes, sensor circuits, or a cable. 10 
Further, connector cover 90 is designed in a shape 
which does not impair appearance when attached to 
connector 70. However, the structure of attachment with 
respect to connector 70 is the same as connector piece 
80. In other words, a pair of projections 91,92 are is 
formed to the bottom surface 901 of connector cover 90 
which extend in the downward direction from either side 
thereof. Four interlocking members 911,912,921,922 
project inward at the bottom edge of projections 91 ,92. 
Convexities 941 -946 are formed to the bottom surface 20 
901, corresponding to the positions at which terminals 
751-756 of connector 70 are disposed. Convexities 
941-946 and terminals 751-756 form a click mecha- 
nism. 

As in the case of connector piece 80, when attach- 25 
ing connector cover 90 to connector 70, connector 
cover 90 covers connector 70 so that interlocking mem- 
bers 911,921 of connector cover 90 are positioned 
between interlocking parts 71 and 72 and between 
interlocking parts 73 and 74. Then, connector cover 90 30 
is pressed toward connector 70 so that interlocking 
members 911,921 pass between interlocking parts 71 
and 72, and between interlocking parts 73 and 74. 
Thereafter, when connector cover 90 is slid in the direc- 
tion indicated by arrow Q (from the 6 o clock to the 1 2 o 35 
clock direction on device main body 10), interlocking 
members 911,921 enter into the bottom of interlocking 
parts 71,73, and interlocking members 912,922 enter 
into the bottom of interlocking parts 72,74. As a result, 
interlocking parts 71 -74 come to be held between inter- 40 
locking members 911.921,912,922, respectively, and 
the bottom 901 of connector cover 90. Terminals 
751-756 of connector 70 display click strength once 
they surpass convexities 941-946. In this way, connec- 
tor cover 90 enters a state of attachment to connector 45 
70. 

5.1.1 1. Structure of the sensor unit 

As shown in FIG. 38, the outer view of comrnunica- so 
tions unit 100 is the same as connector piece 80. In 
other words, as may be understood from a comparison 
with FIG. 35, communications cable 20 is not attached 
to communications unit 100, but rather a rectangular 
visible light cutting filter 1001 covers the middle portion 55 
of the upper surface of communications sensor 100. A 
hole of the approximate shape of filter 1001 is opened 
directly below filter 1001 for exposing LED 1015 and 



photo transistor 102. This is designed to send and 
receive optical signals via filter 1001 . 

In other words, the internal area of communications 
unit 100 is a space for housing components. A circuit 
board not shown is fixed in place so as to oppose filter 
1001 on the upper surface. LED 1015, photo transistor 
1 02, and other electronic elements are mounted to this 
circuit board. LED 1015 and photo transistor 102 use 
infrared having an intermediate wavelength around 940 
nm, with their respective light generating and light 
receiving surfaces facing toward filter 1001 . 

Note that the structures of projections 1100,1200, 
interlocking members 1011,1012,1021,1022, elec- 
trodes 1031-1036, convexities 1041-1046, and opera- 
tional pins 1057,1058 have the same function as 
projections 81,82, interlocking members 
811,812,821,822, electrodes 831-836, convexities 
841-846, and operational pins 857,858 shown in FIG. 
35. 

5.2. Operation of the Embodiments 

Next, the operation of a device according to the pre- 
ceding structure will be explained. This example will 
employ the case where the user is running a marathon. 

5.2.1 . Ordinary wrist watch 

When employing pulse wave measuring device 1 A 
which attaches to the arm as an ordinary wrist watch, 
connector piece 80 of device main body 10 is removed 
from connector 70, thereby removing cable 20 and sen- 
sor unit 30. In this state, device main body 10 is then 
attached to the arm by means of wrist band 1 2. Connec- 
tor cover 90 shown in FIG. 37 is attached to connector 
70 at this time, not only improving the appearance of the 
assembly, but also protecting connector 70. 

5.2.2. Operation in pulse wave measuring mode 

When using pulse wave measuring device 1A 
which attaches to the arm to measure the pulse rate 
while running, connector piece 80 is attached to con- 
nector 70 as shown in FIG. 30, and cable 20 is attached 
to device main body 10. Device main body 10 is then 
attached to the arm by means of wrist band 12. After 
tightly attaching sensor unit 30 (glass plate 3041 of opti- 
cal unit 300 shown in FIG. 32) to the finger by means of 
band 40 for fixing the sensor in place, the user begins to 
run. 

As shown in FIG. 32, when light is irradiated toward 
the finger from LED 31 used for pulse wave measure- 
ment, this light reaches the capillaries, where a portion 
of it is absorbed by the hemoglobin in the blood, and a 
portion is reflected. The light reflected by the capillaries 
in the finger is received by photo transistor 32 used for 
pulse wave measurement. The change in the quantity of 
this received light corresponds to the change in blood 
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volume generated by the pulse waves in the blood. In 
other words, when blood volume is large, the reflected 
light becomes weaker, while when the blood volume is 
little the reflected light becomes stronger. Thus, the 
pulse wave can be detected by monitoring the change in 
the intensity of the reflected light at photo transistor 32 
used for pulse wave measurement. 

On the other hand, data processor 50 shown in 
FIG. 33 converts the signal input from photo transistor 
32 used for pulse wave measurement to a digital signal. 
The pulse rate is calculated by carrying out frequency 
analysis and the like on this digital signal, and the 
obtained pulse rate is then displayed on liquid crystal 
display 1 3. In this way, pulse wave measuring device 1 A 
which attaches to the arm functions as a pulse wave 
measurer. At the same time, the pulse rate and the time 
at which it was measured are output to data recorder 56 
from pulse rate calculator 55, and are stored therein. In 
addition, when measuring the lap or sprint time during a 
marathon, this data is also stored in data recorder 56. 
Further, in the case where a function to measure the 
temperature or humidity is added to device main body 
10, this data is also stored in data recorder 56. Once the 
marathon is over, the aforementioned information can 
be sequentially displayed again on liquid crystal display 
13. 

5.2.3. Operation in data transmission mode 

After employing pulse wave measuring device 1A 
which attaches to the arm as a pulse wave measurer as 
described-above, then, as shown in FIG. 29, data trans- 
mission isicarried out between data processor 1 B and 
pulse wave measuring device 1A which attaches to the 
arm. As shown in FIG. 39, this is accomplished by 
removing connector piece 80 from connector 70, and 
attaching communications unit 100 to connector 70. 
This state is equivalent to the formation of a pair of 
photo couplers between data processor 1 B and pulse 
wave measuring device 1 A which attaches to the arm, 
so that two-way data transmission is carried out 
between LED 61 and photo transistor 102, and between 
LED 1015 and photo transistor 62. 

Next, a specific switch from among button switches 
111-117 is operated to set pulse wave measuring 
device 1 A which attaches to the arm to the data trans- 
mission mode. At this time, data output controller 57 in 
the data processor 50 shown in FIG. 33 becomes able 
to output pulse wave information, time data or the like, 
that has been stored in data recorder 56, as optical sig- 
nals from LED 1015 of communications unit 100. When 
a command to transmit data is issued at data processor 
1 B in this standby state, the optical signal indicating that 
command is output from LED 61 via communications 
window 6. 

When the optical signal is received by photo tran- 
sistor 102 in pulse wave measuring device 1 A which 
attaches to the arm, the message signal is received by 



data input controller 58.,As a result, data output control- 
ler 57 outputs pulse wave information, time data or the 
like, that has been stored in data recorder 56, as optical 
signals from LED 1015. This light signal is received by 

5 photo transistor 62 in data processor 1B, with the mes- 
sage signal thereby taken up by data processor 1 B. The 
pulse wave information and time data is recorded in the 
specified recording medium as needed in data proces- 
sor 1 B, and may be output to a display 3 or printer 5. 

10 Thus, not only is pulse wave information and the 

like displayed on liquid crystal display 13 of device main 
body 1 0 in the pulse wave measuring device 1 A accord- 
ing to this embodiment, but in addition, data is sent to 
data processor 1B when the user is located away from 

is data processor 1B, by employing data output controller 
57 and LED 1015 inside communications unit 100. In 
other words, at the end of a marathon competition, this 
data may be displayed all together at data processor 
1 B, enabling data compilation to be carried out easily. 

20 Moreover, data can be received from data proces- 
sor 1 B by using data input controller 58 and photo tran- 
sistor 102 inside communications unit 100. Accordingly, 
it is possible to input conditions for a variety of opera- 
tions to be carried out at pulse wave measuring device 

25 1 A which attaches to the arm, from data processor 1 B 
to pulse wave measuring device 1A which attaches to 
the arm, and store these conditions in data recorder 56. 
In this way, setting of these conditions can be carried 
out from data processor 1 B, so that it is not necessary 

30 to provide more switches to pulse wave measuring 
device 1A which attaches to the arm. Moreover, since 
data transmission using optical communications which 
employ a releasable communications unit 100 is carried 
out in order to transmit the aforementioned data, it is not 

35 necessary to provide a new interface unit or the like to 
pulse wave measuring device 1 A which attaches to the 
arm. Thus, pulse wave measuring device 1A which 
attaches to the arm can be made smaller and more 
lightweight. 

40 

6. Embodiment 6 

6. 1 . Structure of the embodiment 

45 When measuring the pulse wave in embodiment 5, 
a design was provided in which either connector piece 
80 or communications unit 100 could be selectively 
attached to connector 70 of pulse wave measuring 
device 1 A which attaches to the arm. In contrast, in this 

so embodiment, a communications unit 200 in which con- 
nector piece 80 and communications unit 100 are 
formed in a unitary manner is attached to connector 
70 A of pulse wave measuring device 1 A which attaches 
to the arm, as is shown in FIG. 40. 

55 As a result of this design, there are more elec- 
trodes, which connect connector 70A and communica- 
tions unit 200, employed in this embodiment than in 
embodiment 5. 
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Namely, the structure of communications unit 200 is 
as indicated by the blown-up view shown in FIG. 41 . A 
filter 1001 is provided to trie upper surface of communi- 
cations unit 200, and a cable 20 is connected. When 
compared to the communications unit 100 shown in s 
FIG. 38, electrodes 1 137-1 140 and circular convexities 
1147-1150 are formed to the bottom surface 1301 of 
communications unit 200. These electrodes are in pairs, 
and are disposed in parallel respectively with respect to 
the two rows of electrodes present in FIG. 38. Note that 1C 
this is also the case for the convexities. 

Note that the structures of projections 1300,1400, 
interlocking members 1111.1112,1121,1122, elec- 
trodes 1 131-1 136, convexities 1141-1146, and opera- 
tional pins 1157,1158 have the same function as is 
projections 1 1 00, 1 200, interlocking members 
1011,1012,1021,1022, electrodes 1031-1036, convexi- 
ties 1041-1046, and operational pins 1057,1058 shown 
in FIG. 38. 

With respect to connector 70 shown in FIG. 36, 20 
connector 70A shown in FIG. 42 additionally has termi- 
nals 757-760 and holes 767-770 formed in the upper 
surface thereof. These terminals are in pairs, and are 
disposed in parallel respectively with respect to the two 
rows of terminals present in FIG. 36. The same holds 2s 
true for the holes. 

With respect to the connector cover 90 shown in 
FIG. 37, connector cover 90A shown in FIG. 43 addi- 
tionally has convexities 947-950 formed in the lower 
surface 901 A thereof. These convexities are in pairs, 30 
and are disposed in parallel respectively with respect to 
the two row of convexities present in FIG. 37. 

Further, while not shown in the figures, circuits 
equivalent to those provided to LED 31 and photo tran- 
sistor 32 respectively in FIG. 34 are added with respect 35 
to LED 1015 and photo transistor 102. 

6.2. Operation of the embodiment 

The operation of this embodiment will now be 40 
explained. 

6.2.1 . Ordinary wrist watch 

In this case, band 40 for fixing the sensor in place is 45 
removed from the finger, thereby also removing sensor 
unit 30, and connector cover 90A is attached to connec- 
tor 70A. 

6.2.2. Operation in pulse wave measuring mode so 

When measuring the pulse rate during running, 
connector cover 90A is removed from connector 70A 
and sensor unit 200 is attached to connector 70 A in its 
place. The user then begins running. After the pulse 55 
wave signal detected by sensor unit 30 has been taken 
up by data processor 50 and converted to a digital sig- 
nal in the same manner as in Embodiment 5, the pulse 



rate is calculated by carrying out frequency analysis and 
the like on the digital signal, and the obtained pulse rate 
is then displayed on liquid crystal display 13. In addition, 
the time at which the pulse rate was measured is also 
stored together with the pulse rate in data recorder 56. 

6.2.3. Operation in data transmission mode 

When carrying out data transmission between data 
processor 1B and pulse wave measuring device 1A 
which attaches to the arm, a specific button switch is 
operated to put pulse wave measuring device 1 A which 
attaches to the arm in the data transmission mode. 
Next, as in the fifth embodiment, data output controller 
57 sends information stored in data recorder 56 to data 
processor 1 B by means of optical signals, and carries 
out recording of the information in the recording media, 
output to display 3 or printer 5, and the like. 

As a result, in this embodiment, once sensor unit 30 
and communications unit 200 have been attached, it 
becomes possible to measure the pulse wave, send the 
pulse wave signal from sensor unit 30 to device main 
body 10, and send pulse information and the like from 
device main body 10 to data processor 1B, and the like, 
without performing any connection or release opera- 
tions with connector 70A thereafter. Accordingly, the 
burden on the user is substantially reduced. 

7. Embodiment 7 

7.1. Structure of the embodiment 

In this embodiment, transmission of pulse wave 
information from sensor unit 30 to device main body 1 0 
is carried out by means of optical signals, as shown in 
FIG. 44. In other words, a semispherical transmission 
device 400 is fixed in place along the longitudinal direc- 
tion of the upper surface of band 40 for fixing the sensor 
in place which forms sensor unit 30. Further, sensor unit 
30 and transmission device 400 send and receive the 
pulse signal by means of an electrical connection via 
cable 20B. The electric source is supplied from trans- 
mission device 400 to sensor unit 30. A hole is provided 
on the bracket side of transmission device 400. Infrared 
LED 401, which is an element used for optical commu- 
nications, is exposed via this hole. 

In this embodiment, either connector cover 90 or 
communications unit 100 is attached to connector 70. 

Next, the block diagram in FIG. 45 will be used to 
explain the circuit structure of transmission device 400. 
In this figure, A/D (analog/digit) converter 41 1 samples 
at specific time intervals the pulse wave signals sent 
from sensor unit 30, and converts the signal to a digital 
signal. 

Recognition number recorder 41 2 records recogni- 
tion numbers for recognizing which device sent the opti- 
cal signal. When the pulse signal is sent from 
transmission device 400 to the outside, this recognition 
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number is imparted to the optical signal along with the 
pulse wave signal. This is done to prevent competition 
when there are a plurality of transmission devices 400 
because there are a plurality of individuals using pulse 
wave measuring device 1 A which attaches to the arm. 
Accordingly, the recognition numbers recorded in recog- 
nition number recorder 412 inside each transmission 
device is assigned a differed number when setting is 
performed at the time of shipping. Thus, in this embodi- 
ment, unique numbers are assigned to all of the devices 
in this embodiment, including device main body 10 (i.e., 
data processor 50) and data processor 1 B. 

Controller 413 is a circuit for controlling each of the 
parts inside transmission device 400. In addition, trans- 
mitter 414 houses a drive circuit for driving LED 401 . By 
driving LED 401, the transmission data formed by con- 
troller 413 is converted to an optical signal and sent to 
the outside. 

A battery (not shown) which is the electric source 
for sensor unit 30 and each of the parts inside transmis- 
sion device 400 is loaded inside transmission device 
400. 

7.2. Operation of the embodiment 

The operation of the embodiment will now be 
explained. 

7.2.1 . Ordinary wrist watch 

In this case, band 40 for fixing the sensor in place is 
removed from the finger, thereby also removing sensor 
unit 30 and transmission device 400, and connector 
cover 90 is attached to connector 70. 

7.2.2. Operation in pulse wave measuring mode 

When measuring the pulse rate during running, 
sensor unit 30 and transmission device 400 are 
attached to the finger by means of band 40 for fixing the 
sensor in place, so that the light emitter of LED 401 is 
directed toward the elbow side (device main body 10 
side), as shown in FIG. 44. Connector cover 90 is 
removed from connector 70 of pulse wave measuring 
device 1 A which attaches to the arm, and communica- 
tions unit 100 is attached in its place. The user then 
begins to run. 

The pulse wave signal detected by sensor unit 30 is 
taken up by controller 413 after being converted to a 
digital signal by A/D converter 411. Controller 413 
applies information from recognition number recorder 
412 such as a recognition number to the digitized signal 
which has been taken up, and sends the signal to trans- 
mitter 414. This information is converted to an optical 
signal at transmitter 414, and sent from LED 401 out- 
side transmission device 400. This optical signal is sent 
to data processor 50 via photo transistor 1 02 of commu- 
nications connector 1000. As a result, data input con- 



troller 58 extracts the recognition number portion from 
the optical signal and stores it in data recorder 56. The 
transmission source of the optical signal is recognized 
to be transmission device 400 provided to pulse wave 

5 measuring device 1A which attaches to the arm, and 
subsequent data is recognized as pulse wave signals. 
Thereafter, in the same manner as in Embodiment 5. 
the pulse signal is taken up and the pulse rate is calcu- 
lated and displayed on liquid crystal display 13. The 

70 pulse rate and the time at which it was measured are 
stored together in data recorder 56. 

7.2.3. Operation in data transmission mode 

is When carrying out data transmission between data 
processor TB and pulse wave measuring device 1A 
which attaches to the arm, a specific button switch is 
operated to put pulse wave measuring device 1 A which 
attaches to the arm in the data transmission mode. 

20 Next, as in the fifth embodiment, data output controller 
57 sends information stored in data recorder 56 to data 
processor 1 B by means of optical signals, and carries 
out recording of the information in the recording media, 
output to display 3 or printer 5, and the like. 

25 As a result in this embodiment, once communica- 
tions connector 1000, sensor unit 30 and transmission 
device 400 have been attached, it becomes possible to 
measure the pulse wave, send the pulse wave signal 
from sensor unit 30 to device main body 10, and send 

30 pulse information and the like from device main body 1 0 
to data processor 1 B, and the like, without performing 
any connection or release operations with connector 70 
thereafter. Accordingly, the burden on the user is sub- 
stantially reduced. 

35 

8. Embodiment 8 

The user s V0 2max was obtained in the preceding 
first through third embodiments, and the user was noti- 

40 fied of an exercise workout based on the obtained 
V02max- The details of this will be explained below. 
First, in order to notify the user of the exercise workout, 
it is necessary to specify the user s optimal exercise 
intensity, exercise duration per session, and frequency 

45 of exercise during a given period of time. 

As discussed above, the optimal exercise intensity 
is the exercise intensity corresponding to 50% of 
V0 2m ax- "' rnus » * nis va^e can be directly determined 
once V0 2ma x is obtained. Further, if the typical person is 

so taken as the subject, then a suitable duration of exercise 
per session is 20 min , while a suitable exercise fre- 
quency is 40-50%, (i.e., 4 to 5 days out of a 10-day 
period). 

Accordingly, in this modification, once the V0 2max 
ss has been obtained, then an exercise target screen such 
as shown in FIG. 50 is displayed on display 208. From 
the example in this figure, it may be understood that 
exercise of 750 kpm/min, 3 times a week for 20 minutes 
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at a time, is suitable. Here, the screen shown in FIG. 51 
is displayed in display 208 when the user performs a 
specific manipulation. 

In the figure, 601 is an exercise quantity target 
value display which displays a target value for the user s 
with respect to the exercise quantity per week. From the 
preceding example, the exercise quantity target value 
would be 
[750fkpm/min]x20[min]x3[times]=45000[kpm]]. Accord- 
ingly, this value is displayed on the display. Note that 10 
exercise quantity is obtained by taking the integral of 
exercise intensity with respect to time. 602 indicates an 
exercise quantity current value display which displays 
the cumulative value for the quantity of exercise per- 
formed by the user over the past week. However, the is 
example shown in the figure assumes the state immedi- 
ately after the user has initiated the device according to 
this embodiment for the first time, and obtained the 
vo 2max- Therefore, a [0] is displayed on exercise quan- 
tity current value display 602. 20 

Next, 603 indicates a bar graph display which dis- 
plays the exercise quantity current value with respect to 
the exercise quantity target value as a percentage pro- 
portion thereof. 604 is a face chart display which dis- 
plays a face chart in accordance with the exercise 25 
quantity current value-to-exercise quantity target value 
proportion. 607 is an exercise intensity target value dis- 
play which displays the exercise intensity target value 
(750 [kpm/min]) obtained previously. 606 is an exercise 
intensity current value display which displays the cur- 30 
rent value of exercise intensity. The example shown in 
this figure assumes that the user has stopped, so that 
exercise intensity current value display 606 displays a 

Next, 605 is an exercise intensity meter wherein 3S 
there are disposed 20 LEDs at intervals of 10% within 
the range of [0%]~[200%]. By means of the illumination 
of these LEDs, the proportion of the exercise intensity 
current value with respect to the exercise intensity tar- 
get value is displayed. In the example shown in this fig- 40 
ure, the exercise intensity current value is [0], so that 
none of the LEDs are illuminated. From among the 
LEDs which compose exercise intensity meter 605, 
those corresponding to [10-70%] are yellow, those cor- 
responding to [80-120%] are blue, and those corre- 45 
spending to [130% or higher] are red. 

Next, an example of the display in the state where 
the user is carrying out exercise of a given degree is 
shown in FIG. 52. The exercise quantity current value in 
the example shown in the figure is [13500], so that so 
[30%] of the exercise quantity target value has been 
reached. Accordingly, a pie chart corresponding to this 
is displayed on pie chart display 603, and a face chart 
displayed on face chart display 604 is changed in 
accordance to the proportion of the target value which ss 
has been achieved. 

On the other hand, the exercise intensity current 
value is [1300], which greatly exceeds the exercise 



intensity target value of [750]. Accordingly, a number of 
red LEDs from among those provided to exercise inten- 
sity meter 605 are illuminated. Accordingly, the user is 
able to know that the intensity of exercise is too great by 
looking at the display. 

Next, the suitable state for the user s exercise quan- 
tity and exercise intensity is shown in FIG. 53. In this fig- 
ure, the exercise quantity current value is [45000[kprn]], 
so that the exercise quantity target value has been 
reached. Accordingly, the displays on the pie chart dis- 
play 603 and the face chart display 604 correspond to 
this state. Further, the exercise intensity current value is 
[980[kpm/min]], which is within ±20% of the exercise 
intensity target value. Thus, the corresponding green 
LEDs in exercise intensity meter 605 are illuminated. 

In this modification, the exercise quantity is 
recorded each day, extending over the past 7 days, and 
this cumulative result is displayed as the exercise quan- 
tity current value. Further, at a specific time (for exam- 
pie, 12 midnight), the data for exercise quantity from the 
oldest day is discarded, and the exercise quantity data 
from the new day is used in place thereof. 

The above example employed a 7 day period for the 
interval over which the exercise quantity data is added 
up. However, this interval could also be 10 days or the 
like, for example. In other words, the user is free to set 
this interval. Accordingly, the user may set a specific tar- 
get date such as [3 months], and then be able to carry 
out training by setting an exercise quantity targeted for 
that interval. 

In addition, by providing a connector 70 such as 
explained in the fifth embodiment to the device of the 
present embodiment, and attaching communications 
unit 1 00 thereto, it is possible to carry out two-way data 
transmission with an external device. Namely, the 
vo 2max or pulse wave data measured by the device 
according to the present embodiment can be supplied 
to an external device. Moreover, in the device according 
to the present embodiment, it is possible to provide an 
exercise workout which is influenced not only by the 
value measured for V0 2max . but also by the various data 
obtained from the external device (the results of consul- 
tation with a physician or trainer, for example). 

9. Modifications 

In the preceding, the present invention was 
explained in detail with reference to the figures. How- 
ever, the specific structure of the present invention is not 
limited to these embodiments. Rather, a variety of mod- 
ifications such as changing the design within limits 
which do not depart from the spirit of the invention are 
included within the scope of the present invention, vari- 
ous examples being provided below. 

9.1. Modification of device arrangement 

The site of detection of the pulse wave is not limited 
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to the finger. Rather, any site (the ear, for example) is 
acceptable, provided that the pulse wave can be meas- 
ured there. 

In other words, although the arrangement of the 
device according to each of the preceding embodiments 
was typically in the form of a wrist watch, the present 
invention is not limited thereto. Any object used by the 
test subject daily, or an object worn on the body (i.e., 
portable object), is also acceptable. For example, the 
device may be incorporated into eyeglasses, a ring, 
necklace, band, or the like, or may be incorporated as 
one function of a pedometer that is attached via a band. 

A pair of eyeglasses and an accessory will now be 
used as examples of items into which the device of the 
present invention may be incorporated, in addition to a 
wristwatch. 

The necklace shown in FIG. 46 may be cited as an 
example of an accessory into which the device of the 
present invention may be incorporated. In this figure, 
550 is a sensor pad, and is comprised, for example, of a 
shock absorbing material such as a sponge. A transmis- 
sion device 555 formed in the same manner as trans- 
mission device 400 shown in FIG. 44 is attached to 
sensor pad 550. A sensor unit (not shown) which corre- 
sponds to optical unit 300 is provided to transmission 
device 555. This sensor unit is formed so as to be in 
contact with the skin surface. As a result, when this 
necklace is worn around the neck, the sensor unit 
comes in contact with the skin at the back of the neck, 
enabling measurement of the pulse wave. 

A variety of parts equivalent to those provided 
inside device main body 10 in the first embodiment are 
housed in case. 551 which is in the form of a broach 
which is hollow. A connector is provided to case 551 for 
attaching either connector cover 90 or communications 
unit 100 to the front surface thereof. Communications 
unit 100 is shown attached in the figure. 

Button switches are provided to case 551. Button 
switches 116,117 from among the button switches 
shown in FIG. 31 are indicated here. However, other 
button switches may also be provided. Further, liquid 
crystal display device 13 is provided to the front surface 
of case 551. In addition, as shown in the figure, sensor 
pad 550 and case 551 are linked via chain 552. 

Note that it is of course acceptable to employ other 
types of accessories, in addition to a necklace. 

FIG. 47 shows an example of the case where the 
present invention is incorporated into a pair of eye- 
glasses. As shown in this figure, a case 651a and a 
case 651b are provided for housing the portable pulse 
wave measuring device. These cases are attached to 
the stems 652 of the eyeglasses, respectively, and are 
connected electrically via a lead wire embedded in 
stems 652. 

Case 651 a houses a display control circuit. A liquid 
crystal panel 654 is attached over the entire surface of 
the lens 653 side of case 651a. A mirror 655 is fixed to 
the edge of this lateral surface at a specific angle. A 



drive circuit for liquid crystal panel 654 which includes a 
light source (not shown) is incorporated in case 651a. 
The light emitted from this light source passes via liquid 
crystal panel 654, and is reflected at mirror 655 to inci- 

5 dent on lens 653 of the eyeglasses. Accordingly, this 
corresponds to liquid crystal display 13 in FIG. 33. 

Components equivalent to those housed inside 
device main body 10 of the first embodiment are 
included in case 651b. A variety of button switches are 

10 provided to the upper surface thereof. As in the case of 
the necklace, only button switches 116,117 are shown, 
however, other button switches may be provided. In 
addition, a connector is provided to the lateral surface 
opposite that which contacts the skin, for attaching 

rs either connector piece 80. connector cover 90, or com- 
munications unit 100. Communications unit 100 is 
shown attached in the figure. 

Photo transistor 32 and LED 31 which formed opti- 
cal unit 300 in the first embodiment are housed inside 

20 pads 656, with the subject s earlobe being held between 
pads 656,656. In addition, these pads are connected to 
connector piece 80 via cable 20. 

The lead wires which connect case 651a and case 
651b may be designed so as to extend along stems 

25 652, or may be formed in a unitary manner with the two 
cases described above. The mirror may be moveable so 
that the user can adjust the angle between the liquid 
crystal panel 654 and mirror 655. Further, while FIG. 47 
shows the situation described in connection with the 

so first embodiment, it is also acceptable to combine this 
with the second through third embodiments. 

The above-described embodiments may be com- 
bined in various ways. For example, transmission 
device 555 shown in FIG. 46 may be employed in place 

35 of transmission device 400 shown in FIG. 44, to send 
the pulse wave signal measured at the neck to the wrist 
watch side by means of an optical signal. Similarly, it is 
acceptable to provide a design in which only a transmis- 
sion device is provided to the eyeglasses shown in FIG. 

40 47, with the pulse wave signal measured at the earlobe 
sent to the wrist watch side, and transmission to the 
data processor IB side then carried out via the wrist 
watch. 

The preceding explanations employed a design in 
45 which the connector piece or communications unit was 
attached in a releasable manner to a portable device 
such as a wrist watch, necklace, pair of eyeglasses or 
the like. However, when the pulse wave is not being 
measured, the connector piece or communications unit 
so may be left attached to the portable device without any 
problem. Accordingly, provided that the design is not 
one in which the connector piece and the communica- 
tions unit are alternatively attached to the connector, 
i.e., provided that the design is one other than that of the 
55 first embodiment, then the communications unit may be 
attached by fixing it in place on the portable device side. 
As a result, it is possible to eliminate connector 70 from 
the portable device, so that the structure of the portable 
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device can be simplified and the production cost 
reduced. 

9.2. Modification of the type of exercise 

5 

The exercise performed by the test subject in the 
preceding first through third embodiments was running. 
However, the present invention is not limited thereto. For 
example, the same effect may be obtained in the case 
where the exercise is swimming, in this case, the dis- 10 
tance covered with each stroke is input corresponding 
to the running stride, and the number of strokes per unit 
time is detected corresponding to pitch. In other words, 
provided that the test subject s exercise intensity and 
beat number can be detected, then the form of exercise is 
is not restricted, and the maximum oxygen uptake 
quantity (V0 2 max/wt) can be obtained. 

To restate, the acceleration sensor employed as 
body motion sensor 302 is not limited to the arm, but 
may be attached anywhere on the body of the runner, 20 
thereby enabling the pitch to be measured from the 
change in acceleration. 

9.3. Modification of the recording device 

25 

Further, in each of the preceding embodiments, the 
pulse rate table recorder 9 was composed of ROM. 
However, in addition, it is also possible to employ a non- 
volatile memory (E 2 PROM, flash ROM, battery backed- 
up RAM, etc.) which is write-capabie for pulse rate 30 
recorder 9. In this case, the contents of the pulse rate 
table shown in FIG. 14 are occasionally written over in 
response to improvement in the user s exercise capac- 
ity. 

35 

9.4. Modification of the estimate and input of V0 2max 

With respect to the methods for estimating V0 2max , 
in addition to the above-described indirect method, 
other methods may be considered such as a method in 40 
which the components in the air expired by the subject 
are measured, or a method in which V0 2max is obtained 
from the lactic acid threshold value. 

The expired gas method cited here is a method for 
estimating V0 2max /wt from the C0 2 present in expired 45 
air and the power under maximum effort exercise, while 
the lactic acid threshold method estimates V0 2max /wt 
from the power under maximum effort exercise and lac- 
tic acid in the blood. 

in addition to a method using up switch U and down so 
switch D, other methods are available for inputting 
vo 2max. including the method of providing a small ten- 
key, or a method in which input of VO^a* is carried out 
by communication from a personal computer or other 
device (either wireless or wired). 55 

Further, the pulse rate read out from the pulse rate 
table may be corrected for the user s age, the surround- 
ing temperature obtained from a temperature sensor 



(not shown), or for the desired exercise intensity which 
matches the subject s current physical condition. 

In addition, the width between upper limit UL and 
lower limit LL may be a value other than +20%. 

Moreover, with respect to the frequency analysis 
method carried out by CPU 308, other methods may be 
considered in addition to FFT, including the maximum 
entropy method, the wavelet conversion method, and 
the like. 

9.5. Modification of method for notifying user 

9.5.1 . Notification using sense of sight, touch, etc. 

With respect to the method of pitch notification of the 
user in the fourth embodiment, methods relying on the 
sense of sight or touch may also be employed, in addi- 
tion to the pitch sound from sound releaser 25. For 
example, in the case of the sense of sight, an LED or 
the like may be flashed in time with the indicated pitch. 
In the case of the tactile sense, a form memory alloy 
may be provided projecting outward from the bottom 
surface of a main body 14 (see FIG. 16), with electricity 
passed through this form memory alloy at a timing 
which matches the indicated pitch. Alternatively, a vibra- 
tion alarm is conventionally known which communicates 
a vibration to the user s body by rotation of an eccentric 
load. This vibration alarm may be provided separately 
or in a unitary manner with main body 14, with electricity 
passed through the vibration alarm in time with the indi- 
cated pitch. In addition, a concavity may be formed in a 
portion of the inner side of the bottom surface of the 
main body 14 having a thickness of 70 jmm as shown in 
FIG. 28. A piezoelement PZT is then attached to this 
concavity. When an alternating current of a suitable fre- 
quency is impressed on this piezoelement, piezoele- 
ment PZT vibrates, with this vibration communicated to 
the user. Accordingly, if an alternating current is 
impressed at a timing matching the indicated pitch, then 
it is possible to provide tactile pitch notification. Addi- 
tionally, piezoelement PZT may have a thickness of 100 
jim, with a diameter length which is 80% of the length of 
the diameter of the concavity. 

9.5.2. Notification of results of pitch evaluation 

The user may be notified of the results of an evalu- 
ation of the current pitch, i.e., whether it is in the appro- 
priate range, is too low or is too high, rather than simply 
being notified of the pitch. Provided that the arrange- 
ment for notification of the results of this evaluation rely 
on sight, sound, touch or one of the other five senses, 
then any embodiment may be appropriately employed. 
For example, a face chart such as shown in FIG. 48 may 
be used to indicate whether or not the results of the 
evaluation are in the appropriate range. 
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9.5.3. Notification of V0 2max history 

v 02max is a measure of the increase in endurance. 
Therefore, in each of the preceding embodiments, the 
vo 2max history extending over a long period of time is 
recorded in memory, and the user is notified by display- 
ing the change on display 208. FIG. 49 shows an exam- 
ple in which the change in V0 2max is displayed in one 
month units. In this figure, the average value for one 
month periods extending back four to six months from 
the current time is displayed in the form of a histogram. 
As a result, the user is able to know the effect of training 
over an extended period of time. 

9.6. Modification of method for specifying beat compo- 
nent 

9.6.1. Maximally simplified case 

In the preceding fourth embodiment, the beat fre- 
quency component is specified according to the flow 
chart in FIG. 24. However, when the processing capac- 
ity of CPU 308 is not sufficient, then the processing for 
specifying the beat frequency component may be sim- 
plified as follows. 

FIG. 25 is a flow chart showing an example of the 
method for specifying the beat component from 
pulse/pitch detector 22. 

In this figure, in step SB3, CPU 308 carries out a 
pulse wave-body motion subtraction operation (i.e., 
f M =f mg'* sg )• to sxtract the frequency component which 
is present only in the beat signal. In step SB4, CPU 308 
specifies the maximum frequency component from the 
extracted pulse wave component f M . The specified 
^Mmax is the beat frequency component. There is a dif- 
ference in the change in the harmonic wave component 
in the beat component and the body motion component 
due to the exercise load, so that the change in the beat 
component is well expressed. This is caused by the 
change in heart functioning, and is well expressed in the 
change in stroke volume per beat (SV). Further, as is 
well known, beat rate increases as the exercise load 
becomes greater. 

9.6.2. Specifying the maximum body motion component 
as the second harmonic wave 

In the preceding Embodiment 4, the maximum body 
motion component was initially assumed to be the sec- 
ond harmonic wave, and an investigation was carried 
out to determine whether or not this assumption was 
correct (steps SD2, SD4). The probability that this 
assumption was correct is viewed to vary according to 
conditions such as type of exercise (running, swimming, 
race walking, etc.), the movement of the user s body 
during the particular type of exercise, and the like. 
Accordingly, provided that the conditions are under- 
stood, then the probability that the assumption is correct 



becomes extremely high. In this case, the processing 
for verifying the assumption may be omitted. 

FIG. 26 is a flow chart showing an example in which 
the method for specifying the pulse wave component 

5 has been simplified based on this principle. 

In steps SC1 ~SC3 in the example shown in this fig- 
ure, CPU 308 specifies the frequency fs2 of the second 
harmonic wave from body motion sensor 302, which is 
relatively easily detected as a body motion component. 

10 In the case where the exercise is running, for exam- 

ple, the f min shown in step SC2 is defined to be 2 Hz, 
i.e., the frequency which is the lower limit at which the 
second harmonic wave for running motion appears. 
On the other hand, the f^ shown in step SC2 is 

75 the frequency which is determined by the sampling rate 
for the A/D conversion. When the sampling frequency is 
set to 8Hz, then, according to the sampling theorem, the 
maximum frequency at which the original waveform 
reappears is automatically determined to be 4Hz. 

20 The maximum line spectrum in this f max to f min 
range is specified as the second harmonic wave f s2 of 
the body motion component. 

Next, in step SC4, CPU 308 obtains frequency f s1 
of the fundamental wave of body motion. 

25 In steps SC5-SC8, CPU 308 removes the pulse 
wave component which coincides with the fundamental 
wave (f s i). second harmonic wave (2xf s1 ), and third har- 
monic wave (3xf s1 ) of the body motion component from 
the spectrum detected by pulse wave sensor 301. 

30 In step SC9, the maximum frequency component 
remaining after the above-described removal process is 
specified as the pulse wave f m. 

9.7. Modification of processing allotment 

35 

In the preceding fifth through seventh embodi- 
ments, the pulse rate at pulse wave measuring device 
1A which attaches to the arm is calculated, and the 
obtained pulse rate is relayed to the data processing 
40 device 1B side. However, it is also acceptable to send 
the detected pulse wave signal as is to data processor 
1 B. and calculate the pulse rate from the pulse wave 
signal at data processor 1 B. 

45 Claims 

1. A maximum oxygen uptake quantity estimating 
device provided with: 

so an exercise intensity detecting means for 

detecting a test subject s exercise intensity; 

a beat rate detecting means for detecting the 
* test subject s beat rate; 

55 

a recording means for recording in advance the 
relationship of the maximum oxygen uptake 
quantity corresponding to exercise intensity 



29 



•snnnin- «rPD 



57 



EP 0 842 635 A1 



58 



and beat rate; and 

a calculating means for determining the maxi- 
mum oxygen uptake quantity corresponding to 
the detected beat rate and exercise intensity s 
from the relationship stored in said recording 
means; 

wherein said exercise intensity measur- 
ing means, said beat rate detecting means, 
said recording means and said calculating 10 
means are incorporated into a portable article 
carried by the test subject. 

2. A maximum oxygen uptake quantity estimating 
device according to claim 1 , further provided with: is 

an input means for inputting a test subject s 
body weight and stride, or a test subject s body 
height, which is incorporated in said portable 
article; and 2 o 

a pitch detecting means for detecting the test 
subject s running pitch which is incorporated in 
said portable article; 

wherein, said exercise intensity detect- 25 
ing means defines a product of input stride 
value or stride value determined from said 
body height, and the detected pitch as distance 
run, and detects as said exercise intensity a 
value obtained by multiplying said product by 30 
the input body weight and converting to a per 
unit time value. 

3. A maximum oxygen uptake quantity estimating 
device according to claim 2, further provided with: 35 

an altitude measuring means for measuring 
altitude which is incorporated in said portable 
article; 

wherein, said exercise intensity detect- 40 
ing means determines the slope from the 
detected altitude difference, and revises the 
exercise intensity by correcting the stride 
according to said slope. 

45 

4. An oxygen uptake quantity estimating device 
according to claim 1 , further characterized in provi- 
sion of a notifying means for prompting the test sub- 
ject to increase exercise intensity, which is 
incorporated in said portable article. 50 

5. A maximum oxygen uptake quantity estimating 
device according to claim 1, further provided with: 

an input means for inputting a test subject s 55 
body weight and the test subject s body height 
or stride, which is incorporated in said portable 
article; 



a pitch detecting means for detecting the test 
subject s running pitch which is incorporated in 
said portable article; and 

a notifying means for prompting a user to 
increase exercise intensity which is incorpo- 
rated in said portable article; 

wherein said exercise intensity detecting 
means defines a product of an input stride 
value, or a stride value determined from body 
height, and a detected pitch as the distance 
run, and detects as exercise intensity a value 
obtained by multiplying said product by the 
input body weight and converting to a per unit 
time value, and revises the exercise intensity 
by correcting stride to match the detected pitch. 

6. An exercise workout support device for determining 
the upper and lower values for a pulse rate corre- 
sponding to a suitable exercise intensity from the 
maximum oxygen uptake quantity determined in 
advance, and displays said determined values. 

7. An exercise workout support device provided with: 

a recording means for recording relationship of 
correspondence between maximum oxygen 
uptake quantity and pulse rate; 

an input means for inputting the maximum oxy- 
gen uptake quantity determined in advance; 

a read out means for reading out pulse rate 
corresponding to said input maximum oxygen 
uptake quantity from said recording means; 

a correcting means for correcting said read out 
pulse rate; 

a calculating means for calculating upper and 
lower limits centered about said corrected 
pulse rate; and 

a notifying means for notifying a test subject of 
said upper limit and said lower limit. 

8. An exercise workout support device according to 
claim 6 or claim 7, wherein said maximum oxygen 
uptake quantity is estimated using an indirect 
method. 

9. An exercise workout support device according to 
claim 6 or claim 7, wherein said maximum oxygen 
uptake quantity is estimated from expired air com- 
ponents. 

10. An exercise workout support device according to 
claim 6 or claim 7, wherein said maximum oxygen 
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uptake quantity is estimated based on lactic acid 
threshold value. 

1 1 . An exercise workout support device according to 
claim 7, wherein: 

said recording means records said relationship 
of correspondence tor each of the sexes; 

said input means inputs sex in addition to said 
maximum oxygen uptake quantity; and 

said readout means reads out the pulse rate 
corresponding to said input sex and the maxi- 
mum oxygen uptake quantity from said record- 
ing means. 

12. A portable pulse wave measuring device which is 
incorporated in a portable device, has a pulse wave 
detecting means for detecting the pulse wave in the 
body, and which sends and receives information 
including said pulse wave to and from an informa- 
tion processing device provided external to said 
portable device, said portable pulse wave measur- 
ing device having: 

a communications means for uptaking said 
pulse wave and relays pulse wave information 
obtained from said pulse wave to said informa- 
tion processing device in a wireless manner by 
means of optical signals. 

13. A portable pulse wave measuring device according 
to claim 12, wherein said communications means 
has a connector means which can attach in a freely 
releasable manner to one of either a connector 
member in which said pulse wave uptake element 
is formed, or a connector member in which a trans- 
mitter is formed which transmits said pulse wave 
information to said information processing device. 

14. A portable pulse wave measuring device according 
to claim 12, wherein said communications means 
has a connector means which can attach in a freely 
releasable manner a connector member in which 
said pulse wave uptake element and said transmit- 
ter for transmitting said pulse wave information to 
said information processing device are formed in a 
unitary manner. 

15. A portable pulse wave measuring device according 
to claim 13 or claim 14, wherein said communica- 
tions means has a receiving element which is 
formed in a unitary manner with said transmitter for 
receiving information sent from said information 
processing device in a wireless manner by means 
of optical signals. 



16. A portable pulse wave measuring device according 
to claim 12, wherein: 

said pulse wave detecting means has a pulse 
5 wave sending means for sending said pulse 

wave in a wireless manner by means of optical 
signals; and 

said communications means has a connector 
io means which can attach in a freely releasable 

manner a connector member in which a receiv- 
ing element which receives said pulse wave 
through optical signals and a transmitter which 
transmits said pulse wave information to said 
is information processing device are formed in a 

unitary manner. 

17. A portable pulse wave measuring device according 
to claim 16, wherein said receiving element 

20 receives information sent in a wireless manner by 
means of an optical signal from said information 
processing device. 

18. A portable pulse wave measuring device according 
25 to one of claims 15 through 17, wherein said optical 

signal is near- infrared light, and said receiving ele- 
ment has a filter for blocking visible light from said 
optical signal, and a light receiving element for 
near- infrared rays, which receives the optical sig- 
30 nals which have passed through said filter. 

19. A portable pulse wave measuring device according 
to claim 14 or claim 16, wherein said connector 
member is fixed in place to said connector means. 

35 

20. An exercise workout support device provided with: 

a recording means for recording a user s maxi- 
mum oxygen uptake quantity; 
*o a workout means for determining exercise 

workout based on the maximum oxygen uptake 
quantity; and 

a notifying means for notifying a user of the 
obtained exercise workout. 

45 

21. An exercise workout support device according to 
claim 20, wherein the exercise workout determined 
by said workout means includes the exercise inten- 
sity, exercise frequency and exercise duration per 

so session. 

22. An exercise workout support device having a maxi- 
mum oxygen uptake quantity calculating means 
which calculates said maximum oxygen uptake 

55 quantity based on physiological information 
obtained from the user, and stores said maximum 
oxygen uptake quantity in said recording means. 
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23. An exercise workout support device according to 
claim 22, further comprising a means for recording 
the measured maximum oxygen uptake quantity 
over a specific period of time, and notifying the user 

of the results of change in these maximum oxygen 5 
uptake quantity. 

24. A maximum oxygen uptake quantity estimating 
device according to one of claims 1 through 5, fur- 
ther comprising a means for recording the meas- 10 
ured maximum oxygen uptake quantity over a 
specific period of time, and notifying the user of the 
results of change in said maximum oxygen uptake 
quantity. 
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